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ABSTRACT

The aim of the present study was to determine the drying characteristics and its physico-chemical and functional properties
of Guava slice were dried at different temperatures in tray dryer at 45°C, 55°C, 65°C. Drying kinetics of guava slices has
been experimentally investigated in a tray dryer. Drying experiments were performed at constant air velocity of 2.0 m/s
and initial thickness of 5 mm for guava slice the drying time decreased with increase in drying air temperature. This
study was conducted to determine nutritional composition and functional properties of guava powder. Guava powder
proximate composition (moisture, ash, crude protein, and crude fat) were determined. Average moisture content of 5.94
to 6.53% was observed, while average percent ash, protein and fat, fiber contents were 5.19 to 4.08 %, 5.34 to 4.75%, and
4.537 to 3.80% and 40.70 to 37.08 % respectively. Various functional properties of Guava powder were bulk density (g/cc),
water absorption capacity (g/ml) at 45°C, 55°C, and 65°C respectively.
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Guava (Psidium guajava L.) is a member of the
Muyrtaceae family. The genus Psidium includes about
150 species, but Psidium guajava is the most important
fruit of this genus Pommer and Murakami, (2009).
Guava prices become very low during main season
and sometimes farmers have to pay to throw away
their produces because of higher perishable nature of
the produce. Fresh guava has 92 to 94% water and
it can be stored for 2 to 4 weeks at 0°C Mudgal and
Pandey, (2007).

Guava is extensively cultivated in India over 246.2
thousand hectare land with a production of 3993.5
thousand million tonnes (India Stat, 2016). Though
it is successfully grown all over the country, the most
important guava growing states are: Maharashtra,

Bihar, Madhya Pradesh, Uttar Pradesh, Chattisgarh,
Punjab and Haryana. The Allahabad district of Uttar
Pradesh has the reputation of growing best quality
guava in the country as well as in the world. In Punjab,
guava is cultivated on a large scale in all the districts
and is a very productive and highly profitable fruit
crop. It ranks second in cultivation after citrus and
occupies an area of 8205 ha with a production of
1.80 million tonnes Anonymous, (2014). According
to the national nutrient database of the United
States Department of Agriculture (USDA), the major

How to cite this article: Chaudhari, H.S. and Swami, S.B. (2026).
Evaluation of Drying Characteristics of Guava (Psidium guajava L.) Fruit
Slices and Study its Physico-chemical Properties. Int. J. Food Ferment.
Technol., 16(01): 177-190.

Source of Support: None; Conflict of Interest: None



_ Chaudhari and Swami

nutritional components of fresh guava fruit per100 g
are sugars 8.92 g; vitamin C 228.3 mg; vitamin A 624
IU; vitamin E0.73 mg; vitamin K 2.6 u g; lycopene 5.2
mg (in red-fleshed cultivars only); potassium 417 mg;
phosphorus 40 mg; magnesium 22 mg, and calcium
18 mg USDA, (2010). It is an excellent source of
antioxidants, such as ascorbic acid, carotenoids and
phenols Kondo et al. (2005); Lim et al. (2007).

The presence of a high concentration of dietary fibre
(48-49 % on dry matter basis) in the peel and pulp of
guava fruit makes it natural food product that meets
requirements for consideration as an antioxidant
dietary fibre Jiménez- Escrig et al. (2001). Guava can
be consumed fresh or can be processed into juice,
nectar, pulp, jam, jelly, slices in syrup, fruit bar or
dehydrated products, as well as being used as an
additive to other fruit juices or pulps Leite et al. (2006).

Guava has been used in the treatment of diarrhea,
dysentery, menstrual disorders, vertigo, anorexia,
digestive problem, gastric insuffiency, inflamed
mucous membrane, skin problem, ulcer, cold cough,
jaundice, diabetes, malaria (Kumar, 2012).

Hot-air drying is the most widely used method for
production of dehydrated vegetables and fruits due
to low investment and operating cost Sonawane and
Arya, (2015). The main function of drying is to lower
the water activity of the product and consequently, to
inhibit the growth of microorganisms and decrease
chemical reactions in order to prolong the shelf life
of the product at room temperature. It also results in
less space needed for storage and lighter weight for
transportation Inchuen, et al. (2010).

Guava powder can be used to prepare cloudy juices
because there was no significant difference in the
sensory rating for juices prepared from pasteurized,
clear nectar, freeze-dried puree powder and freeze-
dried clear juice powder. There is also potential for
use of guava powder in formulated drinks, baby
foods and other products Chopda and Barrett, (2001).

In the present investigation the drying characteristics
of guava slice at 45°C, 55°C and 65°C has been
studied. The dried product quality i.e. nutritional

and functional quality has been evaluated i.e. Protein,
fat, fiber, ash, carbohydrate, bulk density, water
absorption capacity and colour in terms of L, 4, b, has
been studied.

MATERIALS AND METHODS

Fresh, healthy disease free Guava fruit were obtained
from the Nashik District, Maharashtra, India. The
research work carried out in the Department of Post-
Harvest Engineering. P.G. Institute of Post-Harvest
Management, Killa-Roha.

Blanching pre-treatment

Good quality fruit was sliced at 5 mm thickness
pieces with help of knife. After the sliced guava
pieces were blanched at 80°C for 5 minutes by tying
them in muslin cloth and dipping the sample in the
brine solution 2% Concentration. Kshetrimayum,.
(2015); Latpapi and Barrett (2006).

Drying of guava slices

1. Convective hot air drying

Convective hot air drying of Guava was performed
at Department of Post-Harvest Engineering, Post
Graduate Institute of Post-Harvest Management,
Killa- Roha. The drying was carried out in the
convective hot air dryer (Make M/s. Aditi A ssociates,
India; Model: ATD-124) having capacity of 5 kw. There
were nine numbers of trays inside the convective hot
air dryer. The size of the tray was 8lcm x 4lcm x
3.4 cm. The slices were spread on the tray in single
layer. The mesh (square) size of the tray was 1x1
mm. The temperature of the drying was 45°C, 55°C
and 65°C. The weight loss with respect to the time
was recorded from trays at different location in the
convective hot air dryer. The moisture content with
respect to the time was calculated from drying data.
The drying data includes initial moisture content;
weight loss, average moisture content with respect
the time, drying rates, moisture ratios, and final
moisture content of guava slice was recorded. Seven
replications were taken for each experiment.

178



Evaluation of Drying Characteristics of Guava (Psidium guajava L.) Fruit Slices... b?

2. Drying rate

The drying rate of Guava slice was calculated on dry
basis using following formula Chakraverty, (2005).

", x100 (1)

TxW,

R =

Where,

R =Drying rate (g/min)

W, = Amount of moisture removed (g)
T = Time taken (min)

W, = Total bone dry weight of sample (g)

3. Moisture ratio

The moisture ratio of Guava slice calculated on dry
basis using following formula Chakraverty, (2005).

M-M,
Moisture ratio = m ...(2)

Where,

MR = Moisture ratio

M, = Initial moisture content, %( db)

M, = equilibrium moisture content, % (db)

M = Moisture content at any time 6, %( db)

The root mean square error was for the best fit of
the model was determined for higher R? values and
lower MSE.

1 . ) 1/2
RMSE = [EZ”(MRSXP ~MR,,) } ...(3)

Where,

MR, = experimental moisture ratio

MR = predicted moisture

N and n =number of observations, number of constant
Togrul and Pehlivan, (2004).

4. Drying model

Moisture Content (%db) versus drying time (min)
and drying rate (g of water removed / 100 g bone dry

material / min) with respect to moisture content was
determined for drying of guava slices. Moisture ratio
versus drying time (min) was also determined from
the experimental data.

Table 1: Mathematical model tested with the moisture ratio of
Guava slices

N(.). Model Equation Reference

1  Hendernson and MR = aexp(-kt) Henderson and
Pabis Pabis (1961)

2 Logarithmic MR = aexp(-kt)+c ~ Togrul and

Pehlivan (2002)

3  Exponential two MR =aexp(-kt)+  Sharaf-Eldenet et
term 1-a) exp(-kat) al. (1980)

4 Simplified Fick’'s MR =a exp Diamante and
Diffusion(SFFD) ¢ Munro (1991)
equation [_C [LZD

Various mathematical models listed in Table 1
were tested on the experimental data on moisture
ratio versus drying time in minute of guava slices
with convective hot air drying the moisture ratio
determines the unaccomplished moisture change
defined as the ratio of free water still to be removed,
at time t over the initial total free water Henderson
and Pabis, (1961).

Correlation regration coefficient and error analysis

The goodness of fit of the tested mathematical
models to the experimental data was evaluated with
the correlation coefficient (r?), chi-square (x?) and the
equation (4). The higher the r* value and lower the
chi-square (x?) equation (4) and lower value of RMSE
values, the better is the goodness of fit Ozdemir et al,
(1999); Wang et al. (2007). According to Wang et al.
(2007) reduced chi-square (x*) and root mean square
error (RMSE) can be calculated as follows:

NI @
N-Z

Where,

MR, ;= is the i experimental moisture ratio,
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MR

pre,i

= is the i predicted moisture ratio,
N =is the number of observation, and
Z =1is the number of constant.

The non-linear regression analysis was performed by
using the statistical software SAS 6.5.

6. Effective moisture diffusivity

The effective moisture diffusivity and activation
energy is essential for designing and modeling mass
transfer in food-processing operations such as drying.
The effective moisture diffusivity was calculated
using method of slopes Maskan et al. (2002). A Fick’s
diffusion model with slab geometry was used to
describe the transport of moisture during drying of
Guava slices. The following equation is expressed as

Crank (1975):
~-(2n-1)Yz’D,,
1 exp[ (n )7[ E.l/t]_”(5)

MR=iZ"

2

ps ":‘(2,,_1)2 4H?

Where, MR is moisture ratio,n=1, 2, 3 . . . is number
of terms taken into consideration, t is drying time
(s), D, is effective moisture diffusivity (m?/s) and H
is foam thickness (m). By taking the first term of Eq.
(5) for long drying times, it can be simplified as Eq.
(6) and expressed in a logarithmic form Falade and
Solademi (2010):

8 ﬂzDeﬁt

Ln(MR)=In———"3

The diffusivities are typically determined by plotting
the experimental drying data in the terms of In (MR)
vs drying time (t) in equation (7), because the plot
gives a straight line with the slope as follows:

...(6)

2
T Deff

Slope = i . (7)

Where,
L = half thickness

7. Activation energy

The effect of temperature dependence of the effective
moisture diffusivity is generally described using

Arrhenius type relationship to obtained better
agreement by Suarez et al. (1980) and Roberts et al.
(2008).

E
D, :Doexp(—R;j ...(8)

Where,

D =diffusivity constant or Arrhenius pre- exponential
factor (m?/s),

E, = activation energy (kJ/ mol),
R =universal gas constant (kJ/ mol K),
T = air temperature (°K).

The pre exponential factor of the Arrhenius equation
and corresponding activation energies were
determined by using the data of effective moisture
diffusivities and absolute air temperature.

Sample preparation

The dried slices were grounded into powder of size
4.885xm min mixer were used.

Physico-chemical analysis of guava powder

1. Moisture content

The moisture content of the sample guava powder
prepared by dried slices at 45°C, 55°C and 65°C
determined by AOAC (2010). 10 g of the guava
powder was taken for in to each three different
moisture boxes. The initial weight of moisture box
was recorded. The samples were exposed to 105°C
+ 1°C for 24 hr. in a hot air oven (Make M/s: Aditi
Associate, Mumbai. Model: ALO-136). The final
weight was recorded. The moisture content of the
sample were determined by equation (9).

: W -,
Moisture content % (db) = Tx 100 ...(9)

2

Where,
W, = weight of sample before drying, g
W = weight of sample after drying, ¢
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2. Protein (%)

Protein content in the sample guava powder
prepared by dried slices at 45°C, 55°C and 65°C was
determined by a micro-Kjeldahl distillation method
(AOAC, 1990). The samples were digested by heating
with concentrated sulphuric acid (H,SO,) in the
presence of digestion mixture, potassium sulphate
(K,SO,) and copper sulphate (C SO,). The mixture
was made alkaline with 40% NaOH. Ammonium
sulphate thus formed. Released ammonia which was
collected in 4% boric acid solution and titrated again
with standard HCL. The per cent nitrogen content
of the sample was calculated by the formula given
below.

% (N) =1.4 x (ml HCI — ml blank) x Conc. of
... (10)

L of sample (g)
Weight ampie (s

% Protein = % N x Factor (6.25).

3. Fat (o/o)

Fat contain of sample guava powder prepared by
dried slices at 45°C , 55°C and 65°C was determined
using soxhlet fat extraction system AOAC, (2010).
In this method, initially weight of empty flask was
weighed. 2g of sample guava powder was wrapped
in filter paper and was kept in siphoning tube and
condenser was fixed above it and siphoned for 9 to 12
times with the petroleum ether in soxhlet apparatus.
After removing assembly, evaporation of petroleum
ether was allowed by heating round bottom flask.
Residue reminder at the bottom of the flask and
was reweighed with flask. The quantity of residue
was determined as fat content of guava powder. Fat
content was calculated by using equation (11);

Final weight (g) — Initial weight (g)

% Fat = <100 (11)

weight of sample (g)

4. Fiber (%)

Fiber contain of sample guava powder prepared by
dried slices at 45°C, 55°C and 65°C was determined
using about 2 — 5 g of moisture and fat free sample

was weighed into a 500 ml beaker and a 200 ml of
boiling 0.25 N sulphuric acid was added to the
mixture and boiled for 30 min keeping the volume
constant by addition of water at frequent intervals.
The mixture was filtered through a muslin cloth
and then transferred to the same beaker and 200 ml
of boiling 0.31 N (1.25 %) NaOH was added. After
boiling for 30 min, the mixture was filtered through
muslin cloth. The residue was washed with hot water
till it is free from alkali, followed by washing with
alcohol and ether. It was then transferred to crucible,
dried overnight at 80°C to 100°C and weighed. The
crucible was heated in muffle furnace at 525°C for
2 — 3 hrs, cooled and weighed again. The difference
in the weights represented the weight of crude fibre,
Rangana, (1986).

Weight of Fiber weight
Weight of sample taken

x100

Crude Fiber | -8 |=
100g

(Moisture+Fat free sample)
...(12)

5. Ash (%)

Ash content of sample guava powder prepared by
dried slices 45°C, 55°C and 65°C at was calculated
using muffle furnace. 5 gram of guava powder
prepared by dried slices 45°C, 55°C and 65°C was
taken in crucible. Weight of crucible and flour was
recorded and kept in muffle furnace at 525 °C for 4
-5 hrs till constant weight was achieved. The crucible
was cooled in desiccators and final weight of ash and
crucible was recorded. Ash content was calculated by
using equation (13).

(W, 1)

- x100
Weight of sample)

Ash content (%) = ( ...(13)

Where,
W, = weight of crucible + ash,

W, = weight of empty crucible

6. Carbohydrates (%)

The carbohydrate content of guava powder prepared
by dried slices 45°C, 55°C and 65°C were calculated
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from protein, fat, fiber, ash and moisture content
Adegunwa et al. (2012);

Carbohydrates = 100 — (protein + fat + fiber +
ash + moisture content). ...(14)

7. Water absorption capacity(g/ml)

Water absorption of samples guava powder prepared
by dried slices 45°C, 55°C and 65°C was determined
using the method of Sosulski, (1962) with slight
modifications. The 3 g sample was dispersed in 25ml
of distilled water and placed in pre weighed centrifuge
tubes. The dispersions was stirred occasionally. After
a holding period of 30 min, the dispersions were
centrifuged at 5000 rpm for 25 min. The supernatant
was removed and the pellet was dried at 50°C for
25 min which was cooled and weighed. The water
absorption capacity was expressed as grams of
water retained in the material. The experiment was
repeated for three times and average reading was
reported. The water absorption capacity calculated
using equation (15).

W, -Ww
WAC = —=—1x100
W,

0

...(15)

Where,

W, = The weight of sample, (g)

W, =The weight of centrifuge tube plus sample, (g)
W, =The weight of centrifuge tube plus sediments,(g)

8. Bulk density (g/cc)

Bulk density was evaluated by 10 ml measuring
cylinder bound on the weight and volume of sample
of guava powder were poured into a graduated
cylinder, gently tapped ten times and filled to 10 ml
results were expressed as g/cc Mandge et al. (2014).

Bulk density (g/ml) =

Wt. of Cylinder +Sample (g) —

Wt.of empty Cylinder (g)
Volume of Sample filled (ml)

...(16)

9. Ascorbic acid (Vit. C)

The ascorbic acid of guava powder prepared by
drying pulp at 45°C, 55°C, 65°C by convective hot air
drying was determined. Determination of ascorbic
acid was done by 2, 6-dichlorophenol indophenol dye
method of Johnson (1948) as described by Ranganna
(1986).

A sample of 10 g was mixed with 3 percent
metaphosphoric acid solution and volume was made
to 100 ml. The extract was filtered through filter paper
and 10 ml aliquot was titrated against standard dye
solution at room temperature to pink end point. The
ascorbic acid content of the sample was calculated
taking into consideration the dye factor as given
below equation (17). The experiment was repeated
for seven times for replicated;

Ascorbic acid (mg/g) =

Titre x Dye factor x Volume made up x100 -..(17)

Aliquot of extract taken for estimation X

10. Colour

Colour of guava powder at 45°C, 55°C, and 65°C was
measured by using Konica Minolta colour Reader.
(Make: Minolta Camera Co. Ltd. Japan Model: (R-
10). The colour of the guava powder was measured
in dark room. Guava powder at 45°C, 55°C, and
65°C was placed on white surface and placing colour
reader on the flour sample in a Petri dish and the
colour was measured in L, 4, b were reported. Where
L value indicates degree of lightness or darkness, ‘a’
value indicates redness or greenness and ‘b" value
indicates the yellowness or blueness.

RESULTS AND DISCUSSION

Convective hot air drying of guava slices

Fig. 1 shows moisture content (db) % with respect
to time (min) of guava slices dried by convective hot
air dryer. The guava slices were dried from average
initial moisture content of 519.030% (db) to 8.654%
(db) at 45°C; 554.367 % (db) to 9.101% (db) at 55°C;
638.518 to 8.010% (db) at 65°C respectively. It took
around 18hrs, 16hrs, and 13hrs time to dry the
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product at 45°C, 55°C, and 65°C. Fig. 2 shows the
drying rate ( g of water removed/100g of bone dry
matter/min) w.r.t to time. The initial drying rate of
guava slices was 0.268 g, of water removed /100 g of
bone dry matter per minute and decrease up to the
0.0236 g of water removed/ 100g of bone dry matter
per minute at 45°C; 0.299 g of water removed /100
g of bone dry matter per minute and decreases up
to the 0.024 g of dry matter at 55°C; 0.269 g of water
removed /100 g of bone dry matter per min and
decreases up to the 0.0313g of water removed / 100 g
of dry matter at 65°C.

700 J
600

Moisture Content (db%)

1000

1500

Time (min)

Fig. 1: Moisture content % (db) versus time (min) by
convective hot air drying at different temperature for
guava slices
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Fig. 2: Drying rate (g water removed/100 g of bone dry
material/min) versus moisture content % (db) of guava
slices dried by convective hot air drying method at
different drying temperature

From Fig. 2 it was observed that the drying took place
in falling rate period. As the temperature of drying
increases from 45°C, 55°C and 65°C the drying rate
also increases. Moisture removal inside the guava
slices at 65°C was higher and faster than the other
investigated temperature. Migration of surface
moisture and evaporation rate from the surface to
the air decreases with decrease of the moisture in the
guava slices. The shorter time of drying was observed
at higher temperature thus increased drying rate.

Fig. 3 shows variation in moisture ratio with respect
to time in minute. During the drying experiment
moisture ratio decreases from 1 to 1.21x107, 1 to
9.73x10%and 1 to 1.88x10?at the drying temperature
of 45°C, 55°C and 65°C respectively.

.00 §
0.90 i,
0.80
0.70 -
0.60 -
0.50 1 "
0.40 -
0.30 -
0.20 -

0.10 -
0.00

—-45°C

—4—55°C

65°C

Moisture ratio (Mt-Me)/(Mo-Me)

0 250 500 750 1,000 1,250 1,500
Time (Min)

Fig. 3: Variation in moisture ratio with respect to time,
min for guava slices during convective hot air drying

Evaluation of thin layer drying model of guava slices
dried by convective hot air drying

The Table 2(a), 2(b) and 2(c) shows the model
parameters of various model fitted to the
experimental data for Henderson and Pabis model,
Logarithmic, Exponential two term, Simplified Fick’s
Diffusion (SFFD) equation at 45°C, 55°C and 65°C by
convective hot air drying of guava powder. Among
the models fitted to the experimental data at 45°C,
55°C and 65°C the Logarithmic model was well fitted
to the experimental data with R*> 0.983; MSE < 0.892
and chi square (x?) > 3.319. Non-Linear regression
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analysis was done according to the three thin layer
models for moisture ratio data.

Table 2(a), 2(b), and 2(c) shows the statistical
regression results of the different models, including
the drying model coefficients and comparison
criteria used to evaluate goodness of the fit including
the R?, and RMSE guava slices temperature. In all
cases R?values for the models were greater than 0.891
indicating model is well fitted. The model parameter
i.e.’a’ =0.9160, 1.0105 and 1.0242; ‘k" = 0.0107, 0.0091
0.0121 and ‘¢’ = 0.0286, 0.0120, 0.0113 at 45°C, 55°C
and 65°C respectively. The ‘a’ value increases with
in-crease in temperature from 45°C to 65°C. ‘¢’ value
decreases with increase in temperature from 45°C to
65°C, the ‘k’ values does not shows any trend w.r.t

temperature.

Table 2: Model parameters, R?, RMSE and Chi square values of
Guava slices dried by Convective hot air drying at 45°C, 55°C,

65°C

Table 2 (a): Convective hot air drying at 45°C temperature

Sl Model ) )
No. Model name Parameters R MSE x
1 Henderson and 4=0.6183277 0.891 0.509 27.011
Pabis k=0.0058772
2 Logarithmic a=0.9160277 0.989 0.192 10.015
k=0.0107831
¢=0.028626
3 Exponential two 4=0.348131 0.942 0.454 28.799
term k=0.019883
4 Simplified Fick’s 4=0.617838  0.891 0.509 27.011
Diffusion(SFFD) ¢=0.105135
1=4.2316877

Table 2 (b): Convective hot air drying at 55°C temperature

;1('). Model name Ilt/la(r)i:\leters R2  MSE x
1 Henderson and 4=0.976642 0.982 0.138 6.666
Pabis k=0.0084542
2 Logarithmic a=1.010576  0.983 0.087 4.124
k=0.009182
¢=0.012033

3 Exponential two 4=0.0379868 0.974 0.200 9.606
term k=0.2175287
4 Simplified Fick’s 4=0.976644 0.981 0.138 6.666
Diffusion(SFFD) ¢=0.097898
[=3.40290
Table 2 (c): Hot air drying at 65°C temperature
;1('). Model name Il:/la::r':lleters R? MSE x2
1 Henderson and 4=0.990284 0976 0.119 4.776
Pabis k=0.011297
2 Logarithmic a=1.0242204 0.987 0.0851 3.319
k=0.012191
¢=0.011399
3 Exponential two 4=0.567741 0938 0.703 28.132
term k=0.188267
4  Simplified Fick’s 4=0.990296 0976 0.119 4.776
Diffusion(SFFD) ¢=0.028532
[=1.58889

Effective moisture diffusivity of guava slices dried
by convective hot air drying

Fig. 4 shows Ln (MR) versus time (minute) for
convective hot air drying of guava slices dried at 45°C,
55°C and 65°C respectively. The graph shows the
straight line curve. The straight line equation y = mx +
¢, where, the m is the slope of line. Effective diffusivity
(D,,) at time for guava slices which was calculated by
Eq (6). Table 5 shows the effective diffusivity of guava
slices dried at 45°C, 55°C and 65°C. The diffusivity
values were in the range of 7.606x10° to 1.698 x 10*®
m?/s for all the temperature. As the temperature
increases the diffusivity value increase from 7.606
x107?, 1.419x10°® and 1.698x10°® at 45°C, 55°C and 65°C
respectively. The effective diffusivity used to explain
the mechanism of moisture movement during drying.
It was observed that D values increase greatly
with increase in drying temperature and thickness.
When samples are dried at higher temperature,
increased heating energy would increase the activity
of the water molecules leading to higher moisture
diffusivity Xiao et al. (2010). The values obtained of
effective diffusivity from this study was 7.6068x107,
1.4199x10%, and 1.6989x10® m?s during the drying
temperature of 45°C, 55°C and 65°C respectively. The
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values of obtained from this study lies within the
general range of for drying Guava cubes drying was
6.09 x 10° and 10.55 x 10" m? /s respectively, reported
by Hawlder et al. (2013); 4.76 x 10 to 8.32 x 10° m?/s
for drying apricot at 50°C, 60°C reported by Togrul
and Pehlivan, (2004).The results were in agreement
with the previous studies that the values of D,
lie within the general range of 10" to 10® m?/s for
Olive leaves Erbay and Icier, (2006). Similar results
are found to correspond well with those existing in
the literature, such as 2.03-1.71 x 10 m?/s for drying
olive-waste cake in temperature range of 50 and 90°C
Vega-Galvez et al. (2010).
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Fig. 4: Ln(MR) versus time, minute for guava slices at
varied temperature

Activation energy for guava slices dried by convective
hot air drying

Fig. 5 shows the Ln (D,) vs 1/T, for dried guava
slices at 45°C, 55°C, and 65°C. The activation energy
was calculated by plotting of Ln (D,) vs. reciprocal
of absolute temperature showed straight line in the
range of air temperature studied. The activation
energy (E) for moisture diffusion calculated from
the slope of straight lines graphs are given in Table
(5) The activation energy for moisture diffusion was
found to be 36.077 kJ/mol. These values are similar
to reported by other authors for different products
29.75 kJ/mol in apple pomace drying Sun et al. (2007);

22.23 kJ/mol in tomato byproducts drying Celma et
al. (2009) respectively.
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Fig.5:Ln D, vs 1T, of guava slices drying by convective
hot air drying method

Table 5: Values of effective diffusivity and activation energy of
guava slices at different temperature

Temperature (m?/s) Ea (kJ/mole)
45°C 7.606x10*

55°C 1.419x10® 36.077

65°C 1.698x10®

The results indicated a linear relationship between
(Ln D, ) and (1/T, ) as plotted in Fig. 5 for guava slices
dried by convective drying at 45°C, 55°C and 65°C.
The diffusivity constant or pre-exponential factor of
Arrhenius equation (D) and activation of energy (E )
calculated from the linear regression are 6.108 m?*/s
and 36.077 kJ/mol for guava powder.

Physico-chemical and Functional Properties of guava
pwder:

Table 6 shows the physico-chemical and functional
properties of guava powder such as Moisture (%),
Protein (%), Fat(%), Ash (%), Water absorption
capacity(g/ml), Bulk density (g/cc), Colour (L¥), (a%),
(b*). For guava slices dried at 45°C, 55°C and 65°C
respectively.

1. Moisture (%)

Table 6 (a) shows moisture content of fresh and
guava slice dried at 45°C, 55°C and 65°C. Moisture
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Table 6: Physico-chemical and functional properties of guava powder

SL. Fresh guava Guava powder SE,,, D,
Parameter .
No. slices 45°C 55°C 65°C p<0.05  p<0.05
(a) Moisture (%) 73.98+0.123 6.532+0.01 6.414 +0.01 5.941 £0.00 0.213 0.060
(b)  Protein (%) 142+1253  5.34620.00 5.112+0.09 4.752+0.00 0.003 0.010
(o) Fat (%) 0.69 +0.551 4.534+0.01 4.173+0.37 4.013+0.38 0.762 2.182
(d) Fibre(%) 6.10 +0.058 40.700+ 0.16 39.346% 0.84 37.563%0.87 1.737 4.970
(e) Ash(%) 1.08 £0.058 5.192 +0.09 5.032+0.09 4.081+0.01 0.002 0.007
(f) Carbohydrate (%) 13.55 +1.087 37.696 +0.20 39.923+0.37 43.65+0.38 1.711 4.895
(8) Water absorption — 2.621 +0.13 2.800 £0.115 2.428+0.11 0.299 0.855
capacity (g/ml)
(h) Bulk density (g/cc) 0.567 +0.00 0.612+0.01 0.681%0.09 0.002 0.007
1) Colour L* 89.116 78.455+ 0.04 84.151 +0.09 80.120+ 0.01 0.063 1.802
a* 15.859 1.500+ 0.01 0.285%0.02 1.152+0.01 0.047 0.135
b* 32.144 39.112+0.04 40.77 £ 0.006 39.781 +0.01 0.019 0.055
) Ascorbic acid (mg/g) 39.5 19.573+0.005 19.123+0.082 18.765 +0.028 1.123 4.005

content for fresh guava slices was 73.98 + 0.123 and
the moisture content varied for guava powder in the
range was 5.94 — 6.53% and average was 6.53+0.01,
6.41 + 0.014, 5.94 + 0.00 at drying temperature 45°C,
55°C, 65°C respectively. The moisture content of
fresh guava slices reported in the literature was
82.6% Rathore (1976), Verma et al. (2013) reported
that moisture content of guava powder are 6.41% and
15.01% respectively.

2. Protein (%)

Table 6 (b) shows that Protein content of fresh guava
slices and guava powder. Protein content for guava
slices was 1.421 + 1.25% and protein content varied
for guava powder ranged was 4.75-5.34 % at 45°C,
55°C and 65°C respectively. The protein content was
5.34 £ 0.02 %, 5.11 £ 0.09 %, 4.75 £ 0.09 % at drying
temperature 45°C, 55°C and 65°C respectively. The
protein content of fresh guava slices reported in the
literature was 0.82-1.45% by Das et al. (1995); Kandu
et al. (1995); Gosh and Chattopadhyay, (1996). The
highest protein content was observed at 45°C drying
temperature of guava powder. The protein content
decreases with increase in drying temperature from
45°C to 65°C. The decrease in protein was significant
at p < 0.05. The protein content of guava powder

reported in literature was 4-3%, 5.13% reported by
Patil et al. (2014) and Verma et al. (2013) respectively.

3. Fat (%)

Table 6 (c) shows that Fat content of fresh guava
slices and guava powder. Fat content for fresh guava
was 0.69 * 0.99 Fat content varied for guava powder
4.013 to 4.534%. The average fat content of guava
powder was 4.53 + 0.00, 4.17 + 0.37 and 4.01 + 0.34 at
drying temperature 45°C, 55°C and 65°C. Fat content
was highest at drying temperature at 45°C of guava
powder. The decrease in fat was significant at p<0.05.
The fat content of fresh guava slices reported in the
literature was 0.10 to 0.70% by Das et al. (1995); Kandu
et al. (1995); Gosh and Chattopadhyay (1996). Similar
results of fat content of guava powder reported by
Patil et al. (2014) 1.71 % and by Verma et al. (2013)
reported 4.32% of fat for guava powder.

4. Fiber (%)

Table 6 (d) shows the (%) fiber content for fresh guava
slices and guava powder dried at 45°C, 55°C and 65°C
respectively. The fiber content in fresh guava slices
was 6.10%. Fiber content of guava powder was 40.70
+0.169%, 39.34 + 0.845% and 37.563 + 0.87% at 45°C,
55°C, 65°C the fiber content decreases respectively
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.As the temperature of drying increases from 45 °C to
65 °C. Highest fiber content observed at 45°C of guava
powder. The fiber content was significant at p<0.05
w.r.t temperature of drying. As the temperature of
drying increases from 45°C to 65°C fiber content
decreases from 40.700 to 37.563%. The fiber content in
fresh guava slices reported in the literature was 2.0-
7.2% by Das et al. (1995); Kandu et al. (1995); Gosh and
Chattopadhyay, (1996) respectively. The fiber content
of dried guava powder reported in the literature was
42.56%, by verma et al. (2013).

5. Ash (%)

Table 6 (e) shows that the ash content of fresh guava
slices and guava powder. Ash content for fresh guava
slices 1.08+0.05%.The ash content varied for guava
powder was observed in the range of 4.08 — 5.192
%. The average ash content was 5.192 + 0.009, 5.032
+ 0.009 and 4.081 + 0.001% at 45°C, 55°C, and 65°C.
Highest ash content was observed in 45°C of guava
powder. The ash content decrease with the increase
in temperature from 45°C to 65°C. The decrease in
ash content was significant at p <0.05. The ash content
of fresh guava reported in the literature was 0.6% by
Tanwar et al. (2014). The ash content of guava powder
was 1.5 to 3.3% Patil et al. (2014).

6. Carbohydrates (%)

Table 6(f) shows that the carbohydrate content of
guava powder. The average carbohydrates content
was 37.686 + 0.205, 39.923 + 0.376 and 63.986 *
0.917 at 45°C, 55°C and 65°C respectively. Highest
carbohydrate content low observed at 650C of guava
powder. The carbohydrates content increasing with
increase in temperature from 45°C to 65°C. The
increase in carbohydrates was significant at p<0.05.
The carbohydrate content fresh guava slices was 9.5
to 10 % Morton, (1987).

7. Water absorption capacity (g/ml)

Table 6 (g) shows that the water absorption capacity
of guava powder. Water absorption capacity of
guava powder ranged was 2.428 -2.621 g/ml and
average water absorption capacity of guava powder

was 2.62 +0.13, 2.80 + 0.115, 2.42 + 0.111g/ml at 45°C,
55°C and 65°C drying temperature. The highest water
absorption capacity was observed at 55°C drying
temperature and lowest water absorption capacity
was observed at 65°C drying temperature. The water
absorption capacity was significant at p < 0.05 Shishir
et al. (2017) reported the water absorption capacity of
guava powder was 0.33g/ml.

8. Bulk density (g/cc)

Table 6 (h) shows that the bulk density for guava
powder. Bulk density varied for guava powder was
in the range of 0.56 + 0.00, 0.61 + 0.001 and 0.68 + 0.09
for 45°C, 55°C and 65°C respectively. Highest bulk
density observed at 45°C of guava powder. Patil et
al. (2014) reported the 0.78-0.75 g/cc value of guava
powder.

9. Colour

Table 6 (i) shows the colour of fresh guava slices ‘L’, ‘a’
and ‘b” was .89.116, 15.859, 32.144 respectively. ‘L', ‘a’
and ‘b’ value for guava slices dried at 45, 55 and 65°C.
L, a and b. value for guava powder colour ‘L’ values
was 78.45 to 80.12 at 45°C, 55°C, 65°C and average was
78.45 +0.0043, 84.15+0.009, 80.12 + 0.001 respectively.
The ‘L’ values increases with drying air temperature
from 45°C to 55°C followed by decreasing trend up
to 65°C. The drying air temperature had significant
influence of L value of colour of guava powder at p <
0.05. “a” value for guava powder 45°C, 55°C and 65°C
was in the range of 1.50 to 1.15 “a’ value was highest
at 45°C and lowest at 55°C ‘g’ value was 1.50 + 0.016,
0.285 +0.032 and 1.15 + 0.016 at 45°C, 55°C and 65°C
respectively. The ‘a’” value had significant influence on
temperature of drying of guava slices at p < 0.05. The
b value for guava powder at 45°C, 55°C and 65°C was
in the range of 39.11 to 40.77 and average was 39.11
+0.004, 40.77 + 0.006 and 39.78 + 0.010 at 45°C, 55°C
and 65°C respectively. The b value had significant
influence on temperature of drying of guava slices at
p < 0.05. Ali et al. (2016) reported the colour values
L, a and b of fresh guava slices was 58.13, 2.43, 21.30
respectively. Ali et al. (2016) reported the colour
values L, 2 and b of dried guava powder was 57.67 to
32.73,9.97 to -11.03, 29.72 to 20.37 respectively.
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10. Ascorbic acid (%)

Table 6 (j) shows that the ascorbic acid for fresh guava
slices and guava powder.

The ascorbic acid in fresh guava slices contain 39.5
mg/g Ascorbic acid content varied for Ascorbic acid
varied for guava powder was in the range of 19.573 +
0.005, 19.123 + 0.082 and 18.765 + 0.028 for 45°C, 55°C
and 65°C respectively. Highest ascorbic acid observed
at 45°C of guava powder. Costa et al. (2009) reported
the 19.57 % value of guava powder. The degradation
of vitamin C is considerably affected from the drying
conditions. Degradation of vitamin C is reduced
with increasing relative humidity the variation of
the retention of vitamin C for various drying air
conditions. Similar behaviors were reported for
granular edmame, tomato and lemon juice fruits by
Erenturk et al. (2005), Qing-guo et al. (2006), Goula
and Adamopoulos (2006) and Al-Zubaidy and Khalil
(2007) respectively.

CONCLUSION

Air drying characteristics of guava slices and the
physico-chemical and functional characteristics of
dried slices have been investigated. The guava slices
were dried from average initial moisture content
of 346.932% (db) to 8.509% (db) at 45°C; 371.294 %
(db) to 8.179 % (db) at 55°C; 389.642 to 8.359% (db)
at 65°C. It took around 18, 16, and 13 hrs. time to dry
guava slices, dried in convective hot air dryer, at 45,
55 and 65°C temperature respectively. The effective
diffusivity values decreased with increasing drying
air temperature, i.e.2.084 x 10, 1.584 x 10, and 1.148 x
10°m?*/s at45, 55, and 65°C respectively. The activation
energy for moisture diffusion was found to be 9.116
kJ/mol. The Logarithmic model was well fitted to the
drying data at 45, 55, 65°C respectively. The drying of
guava slices occurred in the falling rate period. The
guava powder obtained at 45°C had better physico-
chemical and functional properties than the samples
obtained at other different temperatures selected for
the study. Guava powder at 45°C contains, moisture
6.53 %, protein 5.34 %, and fat 4.53%, fibre 40.70 %
carbohydrate 37.69 %, ash 5.19 % .The powder had

average of water absorption capacity at 45°C and
2.1(g/ml)and bulk density 0.567(g/cc).
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