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Abstract 

 

This study was to evaluate the activity of 
peroxidase, polyphenoloxidase, pectin methyl 
esterase and protease as well as the proximate 
chemical composition and quality parameters 
of cactus pear and papaya which were dried by 
different methods and stored for 6 months. Our 
findings revealed that the highest moisture 
content was recorded in osmo – freeze drying 
of papaya and cactus pear. On the other hand, 
the browning index of oven dried papaya and 
cactus pear was higher than those dried with 
osmotic dehydration and osmo – freeze drying. 
The less activity of peroxidase was recorded in 
osmo – freeze drying of papaya and cactus 
pear. Also, the highest reduction of polyphe-
noloxidase activity was noticed in osmo–
freeze drying methods. While oven dried pa-
paya recorded the highest activity of pectin 
methyl esterase pectin (0.34 %), complete in-
activation was shown in other dried methods 
after 6 months of storage at 4 ±1℃.  Different 
dried methods of papaya caused to reduce the 
activity of protease, moreover, complete inac-
tivation was observed after 3 months from 
storage. The quality parameters for sensory 
evaluation of dried cactus pear and papaya 
demonstrated that osmo–freeze drying was 

more favorable to preserve samples followed 
by osmotic dehydration and oven drying. 

 

Keywords: Cactus pear, Papaya, Peroxidase, 
Polyphenoloxidase, Protease  
 

1 Introduction 

 
The quality of the dried product by conven-

tional methods, i.e., hot air drying methods are 
used is the thermal damage to the minerals, and 
other volatile compounds considered as nega-
tive effects on the quality of the final products 
which can be eliminated by adopting freeze 
drying (Cholera et al 2016) Quality factors 
such as colour, flavour and texture in fruits are 
controlled by enzymes. Meanwhile, any ad-
verse changes on quality either chemical or 
physical in the fruit are caused by activation of 
the special enzyme will normally lower quality 
and/or nutritional value of the fruit (deMan and 
Lee 2018).  

Osmotic dehydration is a method of drying 
used for partially removed the water from tis-
sue of the plants by immersion in a hypertonic 
sugar and/or salt solution for reducing the 
moisture content of foods before actual drying 
operation. On the other side, osmotic dehydra-
tion applied in a wide range for preservation of 
food materials which caused to lower the water 
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activity of fruits and vegetables meanwhile, 
the osmotic dehydration step may be done be-
fore the conventional drying treatment to en-
hance the mass transfer ratio or decrease the 
time duration of drying (Shete et al 2018). 
(Cichowska and Kowalska 2018) reported that 
the kind of osmotic agent which was used as 
pre-treatment before drying and storage had 
significant influence on osmotic dehydration.  

Osmotic treatment had been used mainly as 
pretreatment to some conventional processes 
such as vacuum drying, freezing and air drying 
in order to reduce energy costs, improve final 
quality of products, or even to develop new 
products (Ramya and Jain 2017) (Ahmed et al 
2016) mentioned that, osmotic dehydration 
caused to improve the nutritional value, func-
tional and sensory properties of final products. 

Osmo-freeze drying of sapota slices at 60  
Brix osmotic solution concentration, 5 hour 
immersion time, 50 ℃  drying temperature and 
- 40 ℃freeze drying temperature was found to 
be the best on the basis of physical, biochemi-
cal and sensory properties  of osmo-freeze 
dried sapota( Cholera et al  2016) The use of 
ternary sucrose salt aqueous solutions had 
proven to be very effective in water removal 
from strawberry slices and the beneficial ef-
fects of osmotic treatment on freeze dried 
strawberry slices had also been proved (Kumar 
et al 2020). 

Polyphenol oxidase (PPO, EC.1.10.3.1) 
and peroxidase (POD, EC 1.11.1.7) are related 
to discolouration (browning) and changes the 
texture and flavour of the fruits (Vamos-
Vigyazo 1981). 

Proteases of dried Carica papaya latex are 
commercially known as crude papain (Poulter  
and Caygill 1985).The papain enzyme is a nat-
ural proteolytic enzyme which is extracted 
from the latex in the leaf, the stem and/ or un-
ripe of papaya's fruits (Baeza et al 1989). 
Carica papaya is a vital plant that is predomi-
nant tropical crop in Africa (FAO 2004). It is 
estimated that global production of papaya will 
rise by 2.1 percent every year, up to 16.6 mil-
lion tons in 2029 (FAO 2020).  

 

The papaya fruit is an important of a 
healthy diet and its pulp is rich in minerals and 
many vitamins. Papaya has numerous activi-
ties such as antibacterial, antiulcer, anti-fertil-
ity agent, antioxidant, anticancer activity, anti-
inflammatory, hepatoprotective, and antidia-
betic in addition to the presence of flavonoids, 
alkaloids and phenolics. (Sharma et al 2020). 

The economic and nutritional properties of 
papaya made it a choice of fruit and/ or vege-
table. Also, Papaya is a first rate source of vit-
amins A and C small quantity of thiamine, ri-
boflavin, calcium, iron, potassium, magnesium 
and sodium (Bari et al 2006).  

(Moreno-Castillo et al 2005) reported that, 
the partial or full drying of cactus pear seems 
to offer an adequate way dealt with this situa-
tion. Osmotic dehydration pre-treatment repre-
sents a good choice method to obtain cactus 
pears of intermediate moisture content which 
may be consumed and used in food formula-
tions. In addition, the Cactus pear or (prickly 
pear) is a plant widely grows in arid and semi-
arid region of the world which considered as a 
good source of dietary fiber, vitamins and bio-
active compounds. Also, it contains natural 
compounds which have interesting biological 
activities like hypoglycemic, antimicrobial and 
anti-inflammatory and a good candidate as an-
tioxidant power. For instance the natural ex-
tract of cactus pear used for food, cosmetic ap-
plications or pharmaceutics (Silva et al 2021). 

Cactus pear (Opuntia ficus indica) is a 
berry fruits which contains a number of small 
hard seeds. The pericarp and the edible pulp 
may have a soft green, greenish, red or purple 
hues (Stintzing et al 2001).  (Valderrama and 
Clemente 2004) observed that the peroxidase 
enzyme is involved to a great number of oxi-
dative reactions i.e. colour change, chlorophyll 
degradation, flavour development, phenol, 
food quality modification, indole acetic acid 
oxidation, lignin biosynthesis and pulp soften-
ing. Enzymatic browning caused to change 
light-colour to brown due to the oxidation of 
phenols to orthoquinones which quickly poly-
merise to form brown pigments or melanins 
(Ebiloma et al 2011). 
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Pectin methyl esterase (PME, EC3.1.1.11) 
is usually found in the cell-wall of plants which 
catalyzes the methyl ester bonds, releasing 
methanol and pectin with free carboxyl groups, 
PME also catalyzes the de-esterification of 
pectin and decreasing the degree of methyla-
tion (DM). Therefore, the inactivation of en-
dogenous PME in fruits is important to avoid a 
production of low methoxyl pectins (DM < 
50%), which cause reducing of   the quality for 
fruit textures. On the other hand, the low-acid 
fruits, which contained divalent ions such as 
calcium, interconnect pairs of carboxyl group 
different low methoxyl pectin chains, forming 
aggregation of pectic for instance the sub-
stances these phenomena known as cloud loss 
of fruit juices (Croak and Corredig 2006). 
Mainly, the inactivation of PME is conducted 
by using thermal process, which caused a neg-
ative impact on the product attributes. 

The objective of this study was shed light 
on the effect of different drying methods on 
cactus pear and papaya of the activity of perox-
idase, polyphenol oxidase, pectin methyl ester-
ase and protease initially after processing and 
during storage up to 6 months at 4±1℃. Also, 
the quality attributes of dried cactus pear and 
papaya was also undertaken.  

 
2 Materials and Methods 

 

2.1 Fruit Samples  
 

Two fruit samples cactus pear (Optuntia 
 ficus indica) with an average weight of 90 to 
110 g having a similar degree of maturity and 
papaya were obtained from Egyptian local 
market at season of 2019 in the summer for the 
first sample and winter for the second sample.      
 

2.2 Prepared and dried cactus pear and pa-
paya with different methods 

 
The cactus pear was carefully washed with 

water to eliminate the spines from the peel, and 
then had peeled with knife while papaya was 
peeled and cut into slices by knife with approx-
imately equal (into 1cm diameter), then both 
the two fruit samples divided into three parts. 

The first part of the prepared fruits (oven dried) 
was submerged in citric acid solution%1 for 5 
minutes to maintain the colour without 
changes after that, the samples were taken out 
of the solution and dried in aerated oven at 
50°C till obtaining the fixed weight. The sec-
ond part of fruit was submerged in a 2000 ml  
beaker  contained about 1500 ml of  osmotic 
solution (consists of 1% citric acid  and  sugar 
concentration 50 brix)  and divided into two 
parts  the first one which dried by osmotic de-
hydration  immersion for 5 hr. at 40°C after  
that the samples were  taken  out of the solution 
and  dried in oven at 50 cº till  obtaining the 
fixed weight.  On the other hand, the second 
which dried by osmo-freeze drying was im-
mersion in the same osmotic solution for 5 hrs. 
then samples were taken out and freezing at -
30 cº for 24 hours after that the freeze osmotic 
samples were dried in oven. at 50 cº till obtain-
ing the fixed weight of the final product of 
osmo-freeze dried. Cactus pear and papaya all 
tested samples were done in duplicate. 

 

2.3 Analytical methods  
 

2.3.1 Proximate analysis of dried cactus 

pear and papaya  
 

Moisture content, crude fiber, fat, ash and 
crude protein were determined in fruit samples 
according to the methods of (AOAC 2015) To-
tal carbohydrates were estimated by differ-
ence. 

 

2.3.2 Measurement of browning index 
 

The browning index for cactus pear and pa-
paya dried samples defined as its light absorb-
ance at 420 nm. The absorbance of whole pa-
paya and cactus pear dried samples were meas-
ured according to (Meydev et al 1977) with 
slight modification as reported by (Johnson et 
al 1995). While the samples were centrifuged 
for 10 min at 326 xg in a centrifuge, then re-
move sinking pulp the supernatant was diluted 
1:1 with absolute ethanol and allowed to stand 
1hr. An additional centrifugation at 326 xg for 
10 min completed clarification. Absorbance of 
the supernatant was measured at 420 nm. 
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2.4 Determination of enzymes activity 

 

2.4.1 Polyphenol oxidase activity (PPO)  
 

Polyphenol oxidase enzyme extracted and 
assayed according to the method described by 
(Zenin and park 1978, Galeazzi et al 1981) 
with some modification as follows:  

One hundred g of both cactus pear and pa-
paya were homogenized in a virtis homoge-
nizer with 250 ml phosphate buffer 0.05 M, PH 
7.0 for 30 min. The homogenate was centri-
fuged at 12.000 xg for 15 min and the superna-
tant was used as a source of the PPO.  

Enzyme activity was determined by meas-
uring the increment rate of absorbance at 
410nm for 2 min at 25℃ where the reaction 
mixture was 2.4 ml of 0.01 M catechol solution 
0.5 ml distilled water and 0.1 ml of enzyme so-
lution, while the reference cuvette (blank) was 
free of the tested enzyme. One unit of enzyme 
activity was defined as the amount of enzyme 
which causes a change in absorbance by 0.001/ 
min at 410 nm. (O.D/min). 

 
2.4.2 Peroxidase (POD) activity of papaya 
and cactus pear  

 
The extraction and determination of POD 

activity was carried out according to (Akyol et 
al 2006) as follows:  

The samples were homogenized in cold 
(4℃) sodium phosphate buffer (PH6.5) by 
blending for 2 min. with 3:7 proportions of 
sample to the buffer. The slurries were then fil-
tered through cheesecloth to remove solid par-
ticles. The supernatants were used as the POD 
enzyme extracts. The method of (Igual et al 
2010) was conducted where the Substrate soiu-
tion for assay of POD activity was prepared by 
mixing 0.5 ml of guaiacol (99%).0.5 ml hydro-
gen peroxide (30%) and 99 ml sodium phos-
phate buffer (PH6.5). POD assay was con-
ducted by mixing 0.1ml of enzyme extract 
with 3.5 ml substrate solution. Increase in ab-
sorbance at 470 nm was recorded at 25c with 
10 sec intervals for 3 min. the blank was pre-
pared with 0.1 ml water and 3.5 ml substrate 
solution.  

One unit of POD activity was defined as the 
change in absorbance at 470 nm / min. 
(O.D/min) under the assay conditions (Gunes 
and Bayindirli 1993). 

 
2.4.3 Pectin methyl esterase (PME) activity 

of papaya and cactus pear  

 
The extraction of PME (EC: 3.1.1.11) from 

papaya and cactus pear carried out as described 
by (Lee and Macmillan 1968). About 75 g of 
samples were homogenized in 130 ml cold 
(4℃), 8.8% (w/v) NaCl for 15 min. The ho-
mogenates were centrifuged at 2000 xg for 10 
min. the supernatants were collected, adjust to 
PH 7.5 with NaOH (0.1 N) and were used as 
enzyme source.  

The procedure of (Hagerman and Austin 
1986) was applied to measure PME activity as 
follows: In a cuvette 2.00 ml of pectin solution 
was mixed with 0.5 ml of bromothymol blue 
(indicator dye) and about 1.5 of distilled water, 
and the initial absorbance at 620 nm (A620) of 
the mixture was determined v.s. water, the 
A620 approximately 0.28 was remained con-
stant until the enzyme was added. The reaction 
was started by adding 0.5 ml enzyme extract.  
Unit activity was calculated as the rate of de-
creasing in absorbance at 620 nm per min 
within 3 min of the reaction at 25 ℃.  
 
2.4.4 Protease activity    
 

The extraction process of protease from pa-
paya was carried out according to the method 
reported by (Tsao and Nagayama 1991) as fol-
lows:  

50 g of papaya samples were homogenized 
with 20 ml of cold 10 mM tris-HCL buffer 
(5℃) , PH 8, and centrifuged at 10000 xg for 
20 min . The supernatants were filtrated to pre-
pare the crude enzyme. The assay of protease 
activity with casein as substrate was measured 
according to the method reported by 
(Krishhana-Chetanya et al 2000) as follows: A 
reaction mixture containing 1 ml of enzyme 
extracts with 1 ml of 1% casein and 1 ml of 
0.02 M phosphate buffer (PH7) were incubated 
at 37℃ for 3 h. the enzymatic reaction was 
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stopped by adding 1 ml of 10% (w/v) TCA. 
The precipitated materials were removed by 
centrifugation at 8000 xg for 10 min. and then 
the absorbance of cleared supernatants (TCA 
soluble fractions) was recorded at 570 nm. A 
control was run in identical manner except that 
1 ml of TCA was added before incubation. The 
unite of Protease activity was expressed as ab-
sorbance at 570 nm per min (O.D/min) (Ku-
nitze 1965). 

 

2.5 Sensory evaluation 
 

Dried papaya and dried cactus pear were 
evaluated for color, taste, flavor, odor and 
overall acceptability by a taste panel consisting 
of 12 members at Horticulture Department, the 
Agriculture research center (Ranganna 2008). 
 

2.6 Statistical analysis 

 
Data were analyzed statistically using the 

analysis variance and the means were further 
tasted using the least significant difference test 
(LSD) as outlined by (Steell and Torrie 1980). 

 

3 Results and Discussion 

 
3.1 Proximate chemical composition of 
dried papaya and cactus pear      

 
The chemical composition of papaya and 

cactus pear dried by different methods are pre-
sented in Table 1 Results revealed that the per-
centage of moisture were 85.5 and 84.2% for 
papaya and cactus pear. the high moisture con-
tent in the fruit pulp of papaya are in agreement 
with the report of (USDA 2009) that stated that 
moisture content in papaya fruit ranges from 
92-85% also (Godson et al 2012) mentioned 
that crude protein content in the papaya fruit 
pulp ranged from 0.47 to 1.1 % and crude fiber 
was 0.83% while, the percentage of moisture 
were ranged from 9 to 11 and 15 to 16.5 % for 

oven dried and osmo- freeze drying of papaya 
and cactus pear respectively. The moisture 
content was significantly (p≤0.05) lower in 
oven dried both papaya and cactus pear. How-
ever, fresh papaya and cactus pear recorded the 
highest percentage of moisture recording 84.2 
and 86.5%. On the other hand, crud fiber was 
higher in cactus pear than fresh papaya record-
ing 2.7 and 1.6% respectively. Also, the con-
tent of crude fiber was higher in oven dried 
both papaya and cactus pears dried by oven 
than dried by osmotic dehydration and osmo- 
freeze drying. Data also showed that, the total 
carbohydrates of fresh papaya and cactus pear 
were 9.3 and 9.2% and increased by drying 
recorded 68.55 and 60.15% for papaya and 
cactus pear dried by osmo- freeze drying. Con-
sequently, ash content was higher in fresh cac-
tus pear than papaya and increased as a result 
of the used drying method. 

 
3.2   Browning index 

 
Effect of dehydration process for oven, os-

motic and osmo-freeze drying of papaya and 
cactus pear on the browning index are shown 
in Table 2. The browning index as (O.D at 
420nm) for fresh cactus pear was higher 
(0.230) than papaya (0.115). However, the 
browning increased after drying. The highest 
browning was noticed for both papaya and/ or 
cactus pear dried by oven followed by osmotic 
dehydration and osmo- freeze drying respec-
tively. On the other hand, the browning index 
was 0.255 and 0.241 for osmotic and osmo- 
freeze drying cactus pear and it was 0.161 and 
0.145 for dried papaya. Results also showed 
that the browning index of papaya and cactus 
pear dried by osmo- freeze drying was lower 
than osmotic and oven drying it may be due to 
use the osmotic solution and freezing before 
drying. Therefore, the browning index is a 
good parameter to judge the color of the final 
dried product. 
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Table 1.  Proximate chemical composition (%) of dried papaya and cactus pear (on dry weight basis) 

 

Cactus pear Papaya 

Components 

 

Osmo- 

freeze 

drying 

 

Osmotic 

dehydration 

 

Oven 

drying 

Fresh 

 

 

Osmo- 

freeze 

drying 

 

Osmotic 

dehydration 

 

Oven 

drying 

Fresh 

 

 

16.6b 16.5b 15c 84.2a 11b 10.98b 9c 86.5a 

 

Moisture % 

8.3b 8.4b 7.5a 1.03c 5.12c 5.99b 6.78a 0.95d Crude protein % 

1.27b 1.37b 2.59a 0.91c 1.70ab 1.82a 1.50 b 0.62c Fat% 

60.15a 60a 59.4b 9.20 c 68.55a 67.83a 65.62b 9.30c Total carbohydrates 

% 

11.48ab 11.23b 12.41a 2.70 c 7.42b 7.24b 9.51a 1.60c Crude fiber % 

2.2c 2.5b 3.1a 1.96d 6.21b 6.14b 7.59a 1.03c Ash % 

Mean with the same letters in the same row in the same fruit are significantly different (p≤0.05) 

 

 
Table 2. Browning index in dried papaya and  

cactus pear  

 

Cactus pear Papaya Treatment 

0.230d 0.115d control 

0.268a 0.299a Oven drying 

0.255b 0.161b Osmotic dehydration 

0.241c 0.145c Osmo- freeze drying 

Mean with the same letters in the same column are 

significantly different (p≤0.05) 
 

3.3 Residual activity of peroxidase (POD) 

for papaya and cactus pear dried by differ-

ent methods during 6 months of storage at 

4±1℃   

 
Data in Table 3 showed the residual activ-

ity of papaya and cactus pear processed by dif-
ferent methods of drying. It could be noticed 
that the highest residual activity initially in  
 papaya and cactus pear dried by oven after 
processing followed by osmotic and osmo - 
freeze drying respectively. However, the less 
residual activity was observed for osmo-freeze 
drying of papaya and cactus pear, it may be due 
to use of osmotic solution and freezing before 
drying process. Subsequently it could be no-
ticed that a clear reduction in peroxidase activ-
ity for papaya and cactus pear dried by differ-
ent methods by extending the shelf life up to 6 
months at 4±1℃ and reduction like this was 
strongly depending on the selecting method of 
drying and preparation before drying. On the 

other hand, there was a gradually decrease in 
the residual activity of peroxidase for different 
methods of drying cactus pear and papaya by 
increasing the storage time up to 6 months at 
4±1℃ where, oven dried papaya recorded the 
highest residual activity of peroxidase (0.99%) 
followed by osmotic dehydration (0.46%) and 
osmo-freeze drying papaya (0.40%). while, the 
residual activity of peroxidase for cactus pear 
recorded 2.09% ,1.73% and 0.91% for cactus 
pear dried by oven, osmotic dehydration and 
osmo- freeze drying after 6 months at 4±1℃ 
respectively. 

 
3.4 Residual activity of polyphenol oxidase 
(PPO) in cactus pear and papaya dried by 

different methods during 6months storage 

at 4±1℃  
 

The residual activity of polyphenol oxidase 
(PPO) in cactus pear and papaya with different 
methods of drying and during 6 months of stor-
age at4±1℃ compared with its activity in fresh 
cactus pear and papaya are shown in Table 4 
data revealed that all methods used for drying 
of cactus pear and papaya caused to reduce of 
polyphenol oxidase activity, however, the 
highest reduction was noticed for osmo-freeze 
drying of cactus pear and papaya followed by 
osmotic dehydration and oven drying respec-
tively. The less residual activity of PPO was 
recorded in osmo- freeze  drying  cactus  pear  
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Table 3. Residual activity (%) of peroxidase in dried papaya and cactus pear during 6 months of storage at 

4±1°C 

 

Residual activity% of peroxidase during 6 months of storage  

at 4±1°C (months) 

Treatment 

 

Cactus pear Papaya 

6 5 4 3 2 1 0 6 5 4 3 2 1 0 

      100       100 Control 

2.09 3.00 3.91 5.00 5.18 5.81 6.45 0.99 1.58 2.17 3.29 4.93 5.32 6.67 Oven drying 

1.73 2.00 2.90 4.18 4.27 4.55 5.91 0.46 0.62 0.76 0.87 1.01 1.51 2.41 
Osmotic  

dehydration 

0.91 1.27 1.81 3.55 3.64 3.91 5.45 0.40 0.49 0.56 0.81 0.89 1.01 1.32 
Osmo- freeze  

drying 

 

Table 4. Residual activity (%) of Polyphenol oxidase in dried papaya and cactus pear during 6 months of 

storage at 4±1°C 

 

Residual activity% of polyphenoloxidase during 6 months of storage 

at 4±1°C (months) 

Treatment 

 

Cactus pear papaya 

6 5 4 3 2 1 0 6 5 4 3 2 1 0 

      100       100 Control 

0.00 0.00 0.00 0.00 0.00 3.30 4.64 0.84 0.91 1.16 1.27 1.62 2.26 3.38 Oven drying 

0.00 0.00 0.00 0.00 0.00 00.0 2.69 0.44 0.54 0.66 0.75 0.92 1.25 1.72 
Osmotic  

dehydration 

0.00 0.00 0.00 0.00 0.00 0.00 2.32 0.38 0.47 0.50 0.70 0.78 0.85 1.02 
Osmo- freeze 

drying 

 

(2.32%) and papaya (1.02%) after dehydration 
in this context (Falguera et al 2012) reported 
that, papaya had a relatively low PPO activity. 
Also, results indicated that the residual activity 
of polyphenol oxidase was decreased gradu-
ally by increasing the storage period up to 6 
months at 4±1℃.  The residual activity was 
3.38, 1.72 and 1.02% for papaya dried by oven, 
osmotic and osmo-freeze drying initially after 
dehydration respectively. A similar behavior 
was recorded for cactus pear initially after dry-
ing with oven, osmotic and osmo-freeze drying 
recording 4.64, 2.69 and 2.32% residual activ-
ity of PPO respectively. 

On the other hand, the longer of the storage 
period at 4±1℃, the higher the residual of PPO 
activity was in dried papaya by oven, osmotic 
and osmo-freeze drying where, the highest 
value of residual activity of PPO was found in 
oven dried papaya after 6 months of Storage at 
4 ±1 ℃ (0.84%) followed by osmotic (0.44) 
and osmo- freeze drying (0.38%). On the other 

hand, the residual activity of PPO for oven dry-
ing of Cactus pear was 3.3%after one month of 
storage at 4±1℃ while there was completely 
inactivation noticed after that and up to 6 
months of storage. Also there wasn't any resid-
ual activity observed for osmotic and/or osmo 
–freeze drying cactus pear through storage and 
up to 6 months therefore, the treatments and 
the drying methods were more effective for in-
activation of polyphenol oxidase (PPO) for 
dried cactus pear than dried papaya. 
 

3.5 Pectin methyl esterase (PME) activity in 

tested papaya dried by different methods 

during 6 months of storage at 4 ±1℃ 

 
Pectin methyl esterase activity and residual 

activity in dried papaya by different methods 
are given in Table 5 generally data concluded 
that, the pectin methyl estrase in papaya drying 
by different methods was affected by the se-
lected  method   of  dehydration  where,  oven  
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Table 5. Residual activity (%) of pectin methylesterase in dried papaya during 6 months of storage at 4±1°C 

 

Residual activity % of pectin methylestrease during 6 months of 

storage at 4±1°C (months) 

Initial pectin 

methylestrease 

activity 

O.D/min*10-3 

Treatment 

 

6 5 4 3 2 1 0 

      100 54.5 Control 

0.34 0.66 0.93 1.23 1.3 1.44 1.49 0.81 Oven drying 

0.00 

 
0.31 0.51 0.69 0.88 1.14 1.34 0.73 

Osmotic  

dehydration 

0.00 0.28 0.44 0 .51 0 .58 0.73 0.95 0.52 
Osmo-freeze 

drying 

 

 
dried papaya recorded higher pectin methyl es-
terase activity than those dried by osmotic and 
osmo-freeze drying. The activity of pectin me-
thyl esterase for osmo-freeze drying papaya 
was 0.52 followed by osmotic dehydration 
0.73 and oven drying 0.81 O.D/min*10-3 re-
spectively, consequentially the residual activ-
ity of pectin methyl esterase of dried papaya 
during 6 months of storage at 4±1℃ was af-
fected by the pretreatment used before drying 
and also the residual activity was declined 
gradually by extending the shelf life up to 6 
months at 4±1℃. Meanwhile, osmo-freeze 
drying papaya had recorded the lowest residual 
PME (0.44%) followed by osmotic dehydra-
tion (0.51%) and oven drying (0.93%) after 4 
months of storage at 4±1℃ respectively, com-
pletely inactivation of PME was observed for 
both osmotic dehydration and osmo-freeze 
drying papaya after 6 months of storage at 
4±1℃ but it remained (0. 34%) PME in oven 
drying papaya. 

It is important to mention that pretreatment 
before drying and extending storage period 
was more effective for inactivation of PME ac-
tivity. PME participates in the regulation of pH 
of the cell wall by generating protons and thus 
enhances the hydrolyses activity of the cell 
wall (Rexova– Benkova and Markovic 1976) 
also (Lin et al 1991) reported that, PME is con-
sidered to be the enzyme of physiological rel-
evance to plant metabolism. 

 

3.6 Protease activity in tested papaya dried 

by different methods during storage at 

4±1℃ 

 
Data in Table 6 showed that the changes of 

protease activity and residual activity in pa-
paya dried by different methods directly after 
process and during 6 months of storage at 
4±1℃. Protease activity of oven drying papaya 
(0.524 O.D/min*10-3) was higher than osmotic 
(0.448 O.D/min*10-3) and osmo-freeze drying 
of papaya (0.429 O.D/min*10-3). Data also 
showed that the highest residual activity of 
protease in oven dried papaya followed by os-
motic and osmo–freeze drying papaya respec-
tively, but the residual activity was relatively 
different owing to the method used for drying 
of papaya and during 6 months of storage at 
4±1℃. In addition, the residual activity of pro-
tease was reduced by increasing the storage 
time at 4 ±1℃  up to 2 months for oven drying 

papaya and up to one month only for both os-
motic and osmo–freeze drying  papaya , results 
indicated that there was no residual activity of 
protease noticed after 2 months of storage at 
4±1 ℃ for both osmotic and osmo-freeze dry-
ing papaya and at the first of the third month 
for oven drying papaya, therefore, the pretreat-
ment ,the type of drying and storage time were 
affected for inactivation of protease. The resid-
ual activity of protease for osmo-freeze drying 
of papaya was the lowest one followed by os-
motic and oven drying of papaya respectively 
either directly after drying or through storage 
at 4 ±1℃. 
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Table 6. Residual activity (%) of protease in dried papaya during 6 months of storage at 4±1 °C 

 

Residual activity% of protease during 6 months of storage 

at 4±1°C (months) 

Initial protease 

activity 

O.D/min*10-3 

Treatment 

6 5 4 3 2 1 0 

      100 6 Control 

0.00 0.00 0.00 0.00 3.88 5.00 8.73 0.524 Oven drying 

0.00 0.00 0.00 0.00 0.00 2.98 7. 46 0.448 
Osmotic 

dehydration 

0.00 0.00 0.00 0.00 0.00 2.33 7.15 0.429 
Osmo-freeze 

drying 

 
 
 
Table 7. Sensory evaluation of dried papaya and cactus pear 

 

Cactus pear Papaya 

Quality attributes Osmo-freeze 

drying 

Osmotic 

dehydration 

Oven 

drying 

Osmo-freeze 

drying 

Osmotic 

dehydration 

Oven 

drying 

7.2a 6.5b 6.2c 9.1a 8.0b 6.6c Color 

7.0a 7.0a 6.5b 8.6a 8.4a 6.0b Taste 

6.8a 6.7a 6.0b 8.3a 8.0b 7.2c aroma 

6.7a 6.8a 6.3b 8.4a 8.5a 6.2b texture 

7.5a 7.0b 6.5c 8.8a 8.3a 6.0b Overall acceptability 

Mean with the same letters in the same row the same fruit are significantly different (p≤0.05) 

 

 

 

Table 8. Sensory evaluation of dried papaya and cactus pear during 6 months of storage at 4±1 °C 

 

Cactus pear Papaya 

Storage 

period 

Quality  

attributes 

Osmo-

freeze dry-

ing 

Osmotic 

dehydration 

Oven 

drying 

Osmo-freeze 

drying 

Osmotic 

dehydration 

Oven 

drying 

7.2a 6.5a 6.2a 9.1a 8.0a 6.6a 0 mon. color 

6.9ab 6.3ab 6.0ab 8.9ab 7.8ab 6.3ab 3 mon. 

6.4b 6.0b 5.9b 8.5b 7.5b 6.0b 6 mon. 

7.0a 7.0a 6.5a 8.6a 8.4a 6.0a 0 mon. taste 

6.6ab 6.7ab 6.2ab 8.3a 8.1a 5.6a 3 mon. 

6.2b 6.0b 5.9b 7.5b 7.5b 5.3b 6 mon. 

6.8a 6.7a 6.0a 8.3a 8.0a 7.2a 0 mon. aroma 

7.4a 6.4ab 5.8ab 8.1a 7.8a 7.0ab 3 mon. 

6.1b 6.0b 5.6b 7.6b 7.5b 6.6b 6 mon. 

6.7a 6.8a 6.3a 8.4a 8.5a 6.2a 0 mon. texture 

6.4ab 6.5a 6.1ab 8.1a 8.2a 5.9 b 3 mon. 

6.0b 6.0b 5.7b 7.5b 7.6b 5.8b 6 mon. 

7.5a 7.0a 6.5a 8.8a 8.3a 6.0a 0 mon. Overall  

acceptability 7.2a 6.7ab 6.2ab 8.5a 8.0ab 5.7ab 3 mon. 

6.7b 6.4b 5.8b 7.7b 7.5b 5.5b 6 mon. 

Mean with the same letters in the same column the same property are significantly different (p≤0.05) 
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3.7 Quality parameters and sensory evalua-

tion of dried papaya and cactus pear 

 
Results in Table 7 showed that the quality 

parameters of both cactus pear and papaya   
dried by different methods after processing. 
Results indicated that osmo-freeze drying had 
the best score of color, taste, aroma and overall 
acceptability after processing directly fol-
lowed by osmotic dehydration and oven drying 
respectively. 

Sensory characteristics are a vital marker of 
the potential preferences of consumer. Sensory 
evaluation of dried papaya and cactus pear 
stored for 6 months at 4±1℃ are given in 
Table 8 the data indicated that, osmo-freeze 
drying of both cactus pear and papaya had the 
highest score of color, taste, aroma and overall 
acceptability followed by osmotic and oven 
drying. But osmo-freeze drying osmotic dehy-
dration for papaya and cactus pear had the 
highest score for texture followed by oven dry-
ing respectively. These results are in agree-
ment with (Ahmed et al 2016) they reported 
that, osmotic dehydration improved the nutri-
tional, functional and organolyptic properties 
of the product. On the other side, the same pat-
tern parameters for papaya and cactus pear 
dried with different methods and during stor-
age up to 6 months at 4±1℃ were noticed but 
the scores of these parameters were less than 
those after drying processing with little signif-
icant difference therefore, the osmo-freeze 
drying of  papaya and cactus pear recorded the 
best sensory parameters on comparing with 
those dried by osmotic or oven may be due to 
the osmotic solution and freezing before dry-
ing which caused to improve the quality of the 
dried product. 

 
4 Conclusion 

 
Considering  the used  different methods of 

drying for cactus pear and papaya in relation to 
enzyme activities of peroxidase, polyphenol 
oxidase and both pectin methyl esterase and 
protease in papaya  and its quality expressed 

by organolyptic parameters during 6 months of 
storage at 4±1℃.Therefore, our results indi-
cated that, osmo-freeze drying cactus pear and 
papaya had the best quality parameters fol-
lowed by osmotic dehydration and oven drying 
of cactus pear and papaya .Also, the selected 
enzyme in this investigation were correlated 
well with the quality of dried cactus pear and 
papaya through storage of the processed sam-
ples. 
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