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Abstract: A lyophilizer system was desio-ned d 
k 

. . 1:,· an constructed with I · d / h d h and to ma e ,t available to focal a d f<. d a ga vamze meta s eet to re uce t e cost 
rectangular shaped chamber with t~ 1:oor ood processors. It consists of 330.2 mm x 508 mm x 457.2 mm 
1.7 X !.J mnl to prevent implosion o; t~:n;~ a;i/,"outer farer reinforc~d with a hollow mild steel square pipe of 

h 
-~ h t . f n ~ 'P tzer dunng dehydrat10n phase. The svstem was desioned based 

on t e specmc ea capacity o rears Ti t d ._,,,. 1:,--
kj!kg'C respectively. The results sho.:,ed ::: :ryes_~:lb Ctarrot with vaf.fueBs ;f 3-6~ !!lkl-g'C 3.98dk}lkgftC an13:79 

. h d. . emperature o 2 Cat tmba stage an 1°C a er arymg, 
while t e ew pomt temperature of 20.8 ° C at initial sta{Y; d 6 ! oc ft d • . J d r:1, , . d , h h 1:,e an - . a er ry,ng were recorae . , , e reswt 
obtame atso s ows t at the temperatures /cf.ry-bulb and J · t•l d I. · h ·J· f h /, h.,. d • I• uew pom I an re at,ve um1a1ty o t e ,yop mze 
Product ,slower as compared to the imported ones A total f6h d r r-_ J • • h 1,170 . . • o ours was use ror rreeze ary,ng wit ; , 
reduction m we1g_~t of the /yophililized product when weighed 
Keywords: Lyoph1hzer, Preservation, Spoilage, Dehydration, Cooling, Post-harvest 

I. Introduction 
ln Nigeria, agricultural sector constitutes the bulk of 
the informal economy apart from petrol. In fact, FAO 
(1995) reported that fruits and vegetables remain the 
core activities that cannot be left out in agricultural 
sector because they constitute the essential parts of 
balanced diet in human nutrition. Meanwhile, factors 
such as weak infrastructure, poor transport system, 
lack of storage facilities and the perishable nature of 
crops make farmers not to get enough value for their 
product (Ndukwu, 20ll). This makes the loss to be 
enormous especially following the period after 
harvest from the farm, which results in spoilage of 
produce and hence lead to the product been fed to 
animals or dumped as refuse due to lack of suitable 
preservative system, . . In addition, due to the nature 
of some fru its and vegetables, such as tomatoes, 
banana that require cold storage, there is need for 
constant running of the freezer and or cold storage 
systems like refridgerator so as to keep the product 
fresh. In view of this, storage method of fresh fruits 
and vegetables needs special attention, although the 
st0rage condition varies depending on the type, 
variety or species and pre-harvest conditions of the 
products. The core factors that cannot be left out in 
the determination of storage life and quality of fruits 
and vegetables include respiration and transpiration . 

However, apart from the cold storage system, 0ther t th0ds such as drying and dehydration of vari~us 
orn1s are also common in food preservation 

~echn i9ues. Although, the latter seems to lasts longer 
in terms of shelf-life but there is alteration in the 
~m · · ' h. h 
te pos1t1on of product due t.o its exposure to ,g_ 

mperature. On the other hand, cold storage is 
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disadvantageous in that there is need for constant 
running of the refridgerator which is usually very 
expensive due to the cost of fuelling. The challenge 
of unavailability and expensive storage system leads 
to decrease in value of products thereby leading to 
alteration in physical properties, such as, changes in 
colour, reduction in weight, which in turn reduce the 
market value and result to the product being sold at 
lower price. (Shewfelt, 1994 and Olusunde et al. 
2009 ). Lyophilization is a method to keep the food 
safe by slowing down the movement of molecules 
that causes spoilage and food borne illness causing it 
temporary in-active, thereby extending the shelf-life 
of food product for longer period. This method 
basically involves combination of both freezing and 
dehydration. The method is advantageous in that, 
after freeze drying, does not require any further, 
constant or stable power source to keep it safe for 
the period of storage. Rather, the lyophilized product 
is packaged in a moisture-proof material to prevent 
any form of absorption or release of moisture from 
its immediate environment. 

Different designs of Freeze dryer have been reported 
in literature for food preservation. The design ranges 
from simple bench-top to sophisticated design. 
Freeze dryer, also known as a lyophilizer is a means 
of preserving products from spoilage to maintain and 
retain its nutritional values without changing its 
properties especially, colour, taste, texture among 
others. The storage span of this method is longer 
than other preservative method (as much as 3 to 5 
times) NCHFP (2017) . The principle of operation of 
this system includes cooling of product to· the 
temperature of well below 0° C and dehydration of 
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· h. the the product by reducing the pressure w1t m . 
chamber (Xiaol in and M ichael, 2004)- Usually, frmts 
and vegetables are t he comm only used p roducts th~t 
a re widely processed ·with this type of method. _This 
m ay be due t o their susceptibility to spailage. 
Meanwh ile , lyop hilization method is by fa r used 
beyond processing agri cultu ral products. Other 
p roduct, such as phannaceutic.al p roducts are also 
widely processed and p reserved with this method 
(Xi aolin and Michael. 2004). This method might have 
been used for the preservation of these prod ucts due 
to thei r sensitive nature , which if any other method 
is used ca n disrupt t heir useful properties ( chem ical 
compositi o n), m aking s uch prod uct insignificant and 
re nder it u seless d ue to its unacceptabil ity from the 
market. Significance of freeze drying can not be 
underestimated . Among the benefits are that the 
p roduct is p resented in a fo rm that can easily and 
conve niently be packaged for market acceptabil ity, 
r educes cost of transportation , product value 
addi tion which co uld open opportunity for foreign 
exch ange earn ings, its properties when reconstit uted 
r esembles fresh products as in t aste, t exture, colour, 
am ong others, and hence prolong the shelf life of the 
product more than other preservative method. 
For a successful operation, lyophilization involves 
four m ain steps. The first method is the pretreatment 
of the prod uct to preserve the product appearance, 
fol low ed by freezing, then primary drying and lastly 
the secon dary drying. Meanwhile, to achieve all this 
afo reme n tioned , components such as refridgeration 
system , vacuum pum p, control system and product 
chamb er or manifold are of importance. 

The study was based on the design of the lyophilizer 
using locally available materia l. This is due to the 
fa ct that, the existing imported ones are too 
expensive and at the same ti me, are out-of-reach for 
poor processors to afford . This system is so essential 
tha t it preserves many of the nutritional 
req uirements by the food indust ry to meet the 
s tandard as sta ted by the World Health Organization . 
T he lyophilizer system fabricated with galvanized 
m etal steel will help to relief in product handling such 
syste m wi ll be at reach , not sophisticated and 
affordab le to local food processors. Such practice(s) 
will hel p in converting fresh farm produce into 
st o rable p roduct in order to extend their shelf-life, 
add value t o product for both local markets and 
export s, thereby reducin g wastage to minimal level 
and hence ens uring food secUT; ty in the country. 

2. Materials and Methods 
2.1 Prindple of l..yophilization System 
Th~ pdnciplc_ ot lyophilizat_ion involves both cooling 
,,nd c.foh yclr,,tto n process. 1 he product to be used is 
fi n. I f roz l"n in the chnmbcr under a very low 
t l' 1n p c r,,tu1·c, fo llow<.-d by suhjecting it to sublimation 

process through vacuuming (known as p . 

d • g) and application of slight heat to re rifl'lary 
ryrn ( tnove L 

rem aining bound water secondary drying). ;rie. 
vapor pressure of the product to be dried Should he. 
b I w that within the chamber environrnent c be. 

e o l fr ror th 
duct to get dried. A so, eezing the pr d e. 

pro O U~t 
t mperature as low as below 0°C before dehyd . o 
e h . rabo 

h lps to maintain t e pnmary structure and Sh 11 
e ape of 

dehydrated product. 

2_2 Design Consideration 
The following factors were taken 

into 
consideration in the design: 
1. T he construction material for th 

chamber is a corrosive resistanc: 
m aterial, locally made to reduce the 
cost. 

11 . 

111 . 

R134 A refrigerant was used Which is 
safe for human environment, economic 
reliable and simple ' 

The sample product used for the freeze­
drying process is ripe and safe From 
bruise 

2.2.1 Design Calculation 
Assumptions made in the design of the freeze dryer 
are as follow: 

a. A one-dimensional heat transfer and mass 
flow which is normal to the interface and 
surface of the product was considered 

b. The thickness of the interface was taken to 

C. 

d. 

e. 

be infinitesimal. 
The freeze-dried products were of the same 
size and shape. i.e. homogeneous 
The frozen region was considered to be 
homogeneous, i.e. of uniform tnermal 
conductivity, density, and specific heat, and 

to contain a negligible proportion of 
dissolved gases. 
Heat transfer is at constant temperature 

2.3 Description of the Lyophilization syst~m f kg 
The lyophilizer) designed in this study is ~ 15 d 

. . bl fr d fr 1 fruits an capacity, smta e to eeze ry es 1 tor 
vegetables. The chamber consists of four evapolra ed 

ere Pac 
trays on top of which the product trays w .

1 
,vas 

(plat 2). 7719.2 mm length of evaporat_or co\ve 0( 

used for the four trays with an expansion frv~ erant 
l h h fl f re ig 
engt 2000 mm to control t e ow O denser 

d . The con 
an a compressor of 110 W capacity. . I •ts ~ns-

d ) 
d wit, i . 

use was 210 in long (53-4 mm covere Jectric 
d b 2 Hp e 

The vacuum pump was operate Y a 
motor. . the 

1 ubject1ng , 
The basic principle relies on first Y s 

5 
Jow J. 

d . rature a gh pro uct m a frozen state to tempe d throt.1 
below 0 °C. after which it will be deh_ydrat:acotlrrii~g 

bl . . b b' t· g it to su 11na t1011 process y su 1ec m 

\67 1 
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with a pressure gauge fixed to determine the pressure 
reduction in the chamber. The vacuum pump was 
powered by an electric motor, and heat was sl ightly 
appl ied at the commencement of the drying phase to 
energize the dehydration process. Plate 1 shows the 
side view of the Jyophilizer developed. 

Plate 1: The freeze dryer 

Plate 2: Evaporator Coil laid under 
its tray with 9inches spacing 

2.3.1 Design procedure and the system development 
Basically, the lyophilizer is made up of three main 
units, thus, the Cooling Unit, Dehydrating Unit and 
Heating Unit 
The chamber design 
The calculation to show the range of cooling 

efficiency of two sample fruits with higher and lower 
specific gravity to know the size of compressor 
suitable for this design is as calculated as follows 

Rate of intake: 
For temperature of product from harvest at 27°C 
specific heat of o.9kca//kgl.C required to completely 
freeze-dry in 8hrs (working day period) at a 
temperature of -20°C. ln freeze drying process, 
freezing temperature is within a temperature of 
5 °C to -45°C. 

MXTXCX2 
Rate of energy intake = t 

M is the capacity of the chamber (15kg) 
T is the temperature of product from harveSt 

(27°C) 

C is the specific heat capacity of the product ( 0.9 
kca//kg/C) 
The factor 2, is a factor of safety. /, 'h 

Therefore the Rate of energy in take == 91.125 kca 1/i rs 

N_ote that : 4.186kJ = 1 kcal _ 
This now implies that, 381.449 k//hrs= 105.9719)/s -
105-9719 Watt. Due to unavailability of lOSwatt 
compressor in the market, a 110 W rating was used. 

lnfiltration of External Air: 
The ambient temperature is usually between 21°C to 
37°C. Now, using an average temperature of 32°C to 
be the assumed atmospheric temperature, relative 
humidity of70%, and vapor pressure of -33-76mbars, 
being the vapour pressure of the environment . to 
calculate for product's property from harvest (1.e. 
external air) . This will give the idea of what the 
physical properties of the surrounding environment 
where the lyophilization process will take. Such 
property when checked in the psychrometric chart 
will give insight to more properties, such as enthalpy. 

Now, from psychrometric chart, the enthalpy y~H) in 
cooling the product to temperature of 32 C gave 
enthalpy value H, to be 86.5 kJ /kg = 20.7 kcal . 
Product Cooling: 
The total amount of sensible and latent heat to be 
removed in cooling a product is given by: 

H = M [(Ca LlTa) + hl + (Cb LlTb)] 2 

H - Total quantity of heat, M - Mass of product 
( kg) = 15 kg, C. - Specific heat capacity above freezing 
point (for apple fruit)= 3.65kJ/kg°C , Cb - Specific 
heat capacity below freezing point (for apple fruit)= 
1.89 kJ/kg°C, h1 - Latent heat of freezing = 280 kJ/kg 

, 11T. - Temperature decrease above freezing point= 

32°C, 11Tb - Temperature decrease below freezing 
point= Let x represent this temperature. 
Now, computing the values in the equation, we have: 
H = 15[ (3.6532) + 280 + (1.89 x)] = 1752 + 27xkCal. 

Table 1 presents the combined heat and the 
parameters used in calculating the heat for different 
types of products. 

Table 1: Required energy values for products to be 
dry in the lyophilizer 

Product 

Apple 
Celery 
Diary 
Meat, Bacon 

Amount of energy required (KJ) 

1752+27x 
1915.2 
1800 
1680+16.05x 

Where 'x' is the temperature to be determined 
in the lyophilizer 
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From Table 1 , product with highest amount of energy 
will be required by the evaporator to cool the product 
and this will be determined from the result of the 
experiment. 

3 
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CP is the specific heat (kJ/kg0 C) , Q is the heat gained 
or lost from/to the environment (kJ) , M is the mass 

of the product (kg) , ~Tis the temperature difference 
between the ambient environment and the chamber 
(

0 C). Specific heat is an essential part of the thermal 
analysis of food processing or the equipment used in 
heating or cooling product. 1t is a function of the 
moisture content, temperature and pressure of the 
product being dried. Mykhailyk (2013) gave specific 
heat capacity of product as: 

Cp = 0.837 + 3.349Xw 4 

Where: 
fraction) , 
fraction) 
fraction) 

~ is the water content of product (in 
Xr is the fat content of product (in 

X. is the solid content of product (in 

From Table l , water content (Xw) for fruits is between 
87-95%. Now substituting the value ofXw= 0.95 into 
equation 4 . We have: = 0 .837+3.349Xw. Note that 
the highest water content (95%= 0.95) will be used 
for this design, so that if product with lesser water 
content is to be used in the future, the design will be 
able to perform the expected function compared to 
when product of lower water content is chosen for 
the design . Therefore, = 0.837+3.349 (0.95) 

o.837+ 3.182 = 4.02 kJ/kg0 C. 
This implies that, the material of construction for 

the design should be of good thermal conductivity 
and that 4 .01855k) of energy will be required to 
remove every l kg mass of iced product by the 

condenser. Heat gained or lost, Q = m~T = 4.01855 

kJ/kg°C b ,, m = 15kg, ~T = 32-(x) = (32-x)°C 

For Celery: Heat gained, Q = 1915.2, x = 0.227°c 

For Diary: Q = 60.279, x = 2.1385 °C 

For Meat, Bacon; Q = 60.279, x = = 3.26093 °C 

This represents the heat gained or released to the 
environment by the evaporator 
Where 'x' is as described above. 

2.4 Experimental Methods 
The research was conducted on three diffiere t fr · . n mts 
which were free from bruise, thoroughly washed with 
water to make them dean before making it into pulp 
The first sample was peeled seed was re d · h · ' move 1n t e 
second sample and they were all gn· d d 1 . n e separate y 
m a home type blender. The samples w .d •£". d . ere I ent1ne 
based on their colour. Stainless st 1 . l 

d 
c h 1 ee matena was 

use ror t e oading of the sampl • h h "d . e mto t e c amber 
to avo1 corros10n and contamin t" f h ' 'h -r a ton o t e sample 
1 ree umrorm containers were d · use to prepar 1 
samples for each of the fru ·t Th e equa 

h 
. Pl 1 s. e samples are as 

s own m ates 3a-c respectively. 

~ ; fl(:i 
·. 

' 

' 

The physical and mechanical characte • . 
. 1 d h . h f ristics measured me u e t e we1g t o the sample b c , erore 

and after freeze drying and the moisture content f 
the sample respectively. 

0 

The individual weight of the samples was measured 
using an electronic precision balance whose readin 
is to one decimal point (TL-5000 model , Japan) . Th: 
initial moisture content of the samples was 
determined by oven method (ASAE, 1986) before the 
freeze drying. The sample was weighed before the 
commencement of the experiment and recorded as 
"wet weight of the sample", dried to a constant 
weight at a temperature of not greater than 103°c 
weighed and recorded as "dry weight of the sample". 

2.5 Performance Evaluation of the Lyophilizer 
Test were carried out to ascertain the 

performance of the freeze dryer. The evaluation was 
based on some properties such as dry bulb 
temperature, dew point temperature and relative 
humidity of the environment with in the chamber 
used for the experiment to ascertain the efficiency of 
the lyophilizer and the dryness of the samples used 
for the assessment. This was determined by the use 
of a data recorder which was placed on one of the 
evaporator trays inside the chamber. The 
temperature measurement ranges between -35°C to 

80 °C and relative humidity of O to 100%. 

3- Results and Discussion 
3.1 Behavioral Characteristics of the Sample 
The performance of the lyophilizer system loaded 
with three different samples was assessed at interva~s 
of 5 minutes from 8:00am and 4 :00pm. Within this 
period of evaluation, the paramater used for th

e 
assessement of the lyophilizer system include the d~ 
bulb temperature, dew point temperature a~b 
relative humidity with in the chamber. The dry bu 

1. g v,1as 
temperature at the commencement of coo 10 

28°~ ~efore loading of the samples. T~i~ was d::eb:~ 
stab1hze the condition in the lyoph1ltzer ch e 

· h h eratur 
wit t at of the sample product. This temp 1· g 

d 1 
coo tfl 

gra ua ly increases and then reduces as jf1 

progresses, the cabinet experienced drop ture 
Pera 

temperature and thereafter maintain a tern ·11g) 
f b o • (freeZ' 

0 a out 2 C for the remaining coohng 5ed 
. d h asses 

per10 • Meanwhile, the product w en 
physically seems to be frozen . 
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On the other hand , dehydration phase commenced 

immediatelly after the _product sample had reached 
the frozen state, and th,s was done with the use of a 

Vacuum pump to reduce the surround,·ng 

3.1.1. Dry Bulb Temperature 
The result shown in Figure I indicated that 

the the dry bulb temperature at the commencement 

W ithin the chamber. Dehydration 
pressure of 1· coo mg was 28°( and gradually decreases and 

. process 
commenced with temperature in the chamber tend towards zero as cooling progresses with the 

product physically observed to be frozen . This means 
the product attained a frozen state between 2°C and 
0°C. Whereas, this is different from what (Rao et al, 
2005) stated, that frozen state of product other than 
water is below 0°C since it contain percentages of 
other solid content while that of water is 0°C since 
water is a pure substance. Therefore, the result shows 
that, the freeze dried sample attained a frozen state 
at below 0°C. Dehydration process commenced 
immediately after the cooling stage of the product 
with the use of vacuum pump to reduce the air 
pressure and water vapor within the chamber 
environment for sublimation to take place. This act 
of pressure reduction makes the vapor pressure in 
the system to be below that of the product in the 
chamber, which makes drying to take place. , since 
there is exchange of heat between the system and the 
product. This shows from the result that, the 
temperature within the system increases from 0°C to 
9,5 °C when slight heating was introduce to trigger 
drying at the first 30 minutes of vacuuming. 
However, about 30minutes of the first vacuuming, 

gradually increasing as time goes on, the chamber 
experienced drop in temperature and later increases. 
However , it w as observed that there was d · rop m 
temperature and thereafter, it increases from 7_5 oc 
to 30.5 °C w hen heat was introduced. The result 
ind icated that sublimation process actually took place 
with a pressure recorded as lOOmmHg. Consequent! 
the relative humidity of 75% was recorded in ti: 
system at the commencement of the cooling wh ile 
that of dew point temperature was 20 °C. Gradually, 
the relat ive humidity drops from 80% to 58% and 
later increased to 63.5% while on the other hand, the 
dew point t emperature reduces from 23.3 °C to 10.7 
0

( and later increases to 13.4 °C then reduces to -3 .7 
0 C. The increase in value of relative humidity might 
be due to t he dehydration phase that was carried out, 
th is indicates that, the vapour pressure within the 
cham ber tends to be below that of the product that 
is being dry. This corresponds to the theory of Lide 
(1999) w hich stated that, the rate of drying is 
dependent on the extent to which the pressure in the 
chamber is below the vapour pressure of ice. It was 
therefore inferred from the result shown in figures l 

- 4 that, dew point temperature of 20.8 °C was 
recorded at the commencement of cooling which 
gradually drop from 13.4 to -3 .7 °C as cooling 
continues tending towards the frozen state. 
Thereafter, dew point temperature increases to 8 °C 
and later drop to l 0 C. During the dehydration phase, 
it was observed that the dew point temperature 
increases from -3-7 °( to 4 °C, th is gradually decreases 

the temperature dropped from 9 .5 °C to 8 °C and 
later rise to 11.5 °C. This continued till the end of the 
dehydration when a temperature of 30.5 °C was 
finally recorded. This indicated that, sublimation 
process actually took place with a pressure of JOO 
mmHg recorded. 

3.1.2. Relative Humidity 
The relative humidity within the system at 

the commencement of freeze drying was obtained as 
79% (Figure 2) and this progressively increased 
towards JOO% and a Anal value of below 87% was 
recorded at the end of the process. The increment in 
value might be due to the cooling (frozen state) 
which the product had atta ined, while the fall in value 
was due to dehydration process. This indicates that 
the vapor pressure within the chamber tends to b~ 
below that of the product that is being dry. 
Meanwhile, this corresponds to the theory of Lide 
(1999 ), which stated that, the rate of drying is 
dependent on the extent to which the pressure in the 
chamber is below the vapor pressure of ice. 

as dehydration time extends at value of l °C and then 
increases to 4 .6 °C before decreasing to J.8 °C. 
However, there was instability in the values of the 
product at this stage, and this may be due to checking 
of the state of dryness of the product during the 
lyoph ilization process. Constant values of 4-7 °C, 4-3 
0 C. 4-4 °C, 3.9 °c, 4 .0 was recorded before the values 
gradually increases to 28.I 0 C, the constant values may 
be that th e product is tending towards dryness, while 
the increase in the value till the end of the process 
may be due to application of heat to remove the 
rema ining bound water from the product. 
The conditions within the dryer for the variation of 
dry bulb Temperature, dew point temperature and 
relaLive hum id ity for the freeze drying process as 
show n g ra ph ica lly in Figure I. Temperature and dew 
po int tempe rature a re given in degree centigrade 
(''C) , wh ile the rela t ive hum id ity was given in 
percent age (0/r,). 

3.1.3 Dew Point Temperature 

170 

The result for dew point temperature is as 
presented in figure 3. It can be inferred from the 
result that, 20.8°C temperature was recorded at the 
commencement of cooling. This temperature 
gradually decreases as cooling progresses, wh en the 
product was attaining frozen s ta te. A value of -6 .5 °( 

was Anally recorded at the end of cooling stage (i .e. 
aft er about 2hrs) . As dehydration process progresses, 
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it was observed that the dew point temperature 
gradually increases from -6 .1 °C to 28.1 °C. This sho_ws 
that, there was condensation of the product dunng 

dehydration . 

35 
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Fig I : Periodic variation of Temperature (0 C) for 
tomato puree 

4.0 Conclusions 

A lyophilizer system was developed with local 
avai lable materials. lt was able to cool the product to 
frozen state at a temperature of 2°C. Other 
properties recorded was the dew point temperature 
of I °C at the end of cooling stage while 28.l °C was 
recorded at the end of dehydration stages. Thus, the 
lyophilize product after undergone the process of 
lyophilization does not give required end product as 
stated in literatures. This may be due certainly to the 
som e deficiency that was observed from the system 
during the assessment. Part of it was the leaking 
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Fig 3: Periodic variation of Dew Point Temperature 
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0 C) for tomato puree 

of the treaded path where the system was welded. A 
total of 6hrs was used to freeze dry the product 
sample that was used to test-run the lyophilizer. The 
freeze dryer that was designed and fabricated proved 
to be easy to operate and maintain. The cost of ~21 , 
910 used in developing the freeze-dryer indicates that 
freeze dryer should be affordable to small-scale food 
processors and for house hold use. 
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