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Abstract 
Wild prickly pear (Opuntia dillenii Haw.) is one of the wild fruit with great importance  
because of its high antioxidants, colour pigments and other quality parameters besides its 
medicinal properties. In India, there are only a limited number of reports pertaining to 
utilization of this fruit which further lack the development of value added novel products. 
So, the present studies were carried out for the development of spiced squash or appetiz-
er from wild prickly pear fruit and its quality evaluation during storage. Different combina-
tions of fruit juice (25, 30, 35 and 40 %) and sugar syrup (40 and 45 °B) were tried to 
standardize a proper combination for appetizer. The appetizer prepared by using the best 
recipe with 35 % juice, 45 °B TSS (Total soluble solids) and 1.20 % acidity was packed in 
two packaging materials viz. glass and PET (Polyethylene terephthalate) bottles which 
were further stored for six months under ambient and refrigerated temperature conditions. 
Appetizer packed in glass as well as in PET packaging material can be stored successful-
ly for a period of six months under both the temperature conditions. However, various 
quality parameters of appetizer were retained higher in glass bottles stored under  
refrigerated storage conditions. 
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INTRODUCTION 

The cactus (Opuntia spp.)  - a xerophytic plant 
has about 130 genera and 1500 species, and  
belongs to family cactaceae and grows mainly in 
arid and semi-arid climate. The centre of origin is 
in Mexico, from where it got distributed throughout 
American hemisphere, Mediterranean basin, Mid-
dle East, South Africa, Australia and India (Zorgui 
et al., 2008). The two species of cactus viz. Opun-
tia dillenii Haw. and O. chlorotica Engelm. are 
known as prickly pear which are found in abun-
dance upto 1500 metres above mean sea level. 
The O. dillenii Haw. is known popularly for its 
fruits which are edible and sweet, containing suffi-
cient quantity of sugars, with a pleasant blend of 
acidity (Parmar and Kaushal, 1982; Thakur et al., 
2012). This fruit consists of various antioxidant 
compounds like ascorbic acid, phenolics, beta-
lains, flavonoids, lactones, terpenoids and alka-
loids which are well known for their health-related 
properties. Cactus fruit being rich source of anti-
oxidant compounds helps in treating many diseas-

es like diabetes, hypertension, hypercholester-
olemic, rheumatic pain, gastric mucosa diseases 
and asthma (Osuna-Martínez et al., 2014). The 
juice of wild prickly pear fruits has high fibre con-
tent and it helps to reduce blood sugars and plas-
ma cholesterol levels (Fernandez et al., 1992). So, 
keeping in view its availability in the barren land 
and importance with respect to its quality charac-
teristics, the present studies were carried out for 
the development of appetizer from wild prickly 
pear, O. dillenii and its quality evaluation during 
storage. 

MATERIALS AND METHODS 

Raw materials and extraction of juice: The ma-
ture fruits of O. dillenii Haw. procured from Vak-
naghat area of Solan district of HP were brought 
to the Department of Food Science and Technolo-
gy, UHF, Nauni, Solan (HP), where they were 
used for various physico-chemical analysis, juice 
extraction and preparation of appetizer. The juice 
from the fruit was extracted with help of physical 
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as well as enzymatic methods (Chauhan et al., 
2017). 
Development of wild prickly pear appetizer: 
For the preparation of appetizer eight different 
treatment combinations were tried by mixing wild 
prickly pear juice with sugar syrup in different con-
centrations (T1, T2, T3, T4, T5, T6, T7 and T8) as giv-
en in Table 1. Constant amount of spice extract 
was used for the preparation of appetizer (Thakur 
et al., 2016). Citric acid was used as an acidulant 
in all the treatment combinations to get the desira-
ble acidity level in the appetizer (1.20 %). At the 
end of product preparation sodium benzoate (600 
ppm) was added as preservative in all the treat-
ments. 
Physico-chemical analysis: The Red and Yellow 
TCU (Tintometer colour units) of wild prickly pear 
appetizer was observed with Lovibond Tintometer 
whereas, the estimation of other physico-chemical 
characteristics (TSS, titratable acidity, sugars and 
ascorbic acid content) was carried out by standard 
procedures of Ranganna (1997). Ostwald viscom-
eter was used for the determination of apparent 
viscosity of the appetizer (flow rate in minutes). 
Betalains were estimated photometrically accord-
ing to Castellanos–Santiago and Yahia (2008). 
Total phenols content and antioxidant activity 
(Free radical scavenging activity) of the samples 
was measured as per Folin-Ciocalteu and spec-
trophotometric methods given by Singleton and 
Rossi (1965).  
Sensory evaluation: The sensory evaluation of 
wild prickly pear appetizer was carried out by us-
ing nine point hedonic rating test (Amerine et al., 
1965) and panel of ten judges (faculty members 
and students of the department of Food Science 
and Technology) was selected to evaluate the 
product for various sensory characteristics 
(Colour, body, taste, aroma and overall accepta-
bility). 
Statistical analysis: Completely Randomized 
Design (CRD) and Randomized Block Design 
(RBD) were followed for analyzing the data on 
physico-chemical characteristics and sensory 
evaluation of the wild prickly pear appetizer, re-
spectively (Cochran and Cox, 1967; Mahony, 
1985). The experiment for recipe standardization 
was replicated three times whereas; during stor-
age studies it was replicated five times. 

RESULTS AND DISCUSSION 

Standardization of recipe for the preparation 
of wild prickly pear appetizer: The mean colour 
score of appetizer was obtained highest (7.35) in 
recipe T8 and T4 which was statistically at par with 
T3 and T7, while the lowest (7.21) was awarded to 
T1. The highest body score of 8.02 was obtained in 
the recipe T7 and minimum (7.04) in T8. The high-
est (8.13) taste score was awarded to the recipe 

T7 while the recipe T1 (7.03) got the lowest score. 

The maximum (7.40) score for aroma was record-
ed in recipe T8 and minimum (7.20) was recorded 
in T1 which was statistically at par with T2, T5 and 
T6. The highest score (8.01) of overall acceptabil-
ity was obtained in T7 and lowest (6.81) in T1. Data 
given in Table 2 shows a significant effect of juice-
acid-syrup blend on sensory scores of different 
recipes of wild prickly pear appetizer. The higher 
colour and aroma scores for recipes T8 might be 
due highest juice content as compared to other 
recipes, while recipe T7 obtained highest taste and 
body score which might be due to best combina-
tion of juice-syrup and sugar-acid-spices-juice 
blend in this recipe. The higher overall acceptabil-
ity scores for recipe T7 might be due to better 
combination of juice-acid-spices-syrup blend cou-
pled with attractive colour and body of the product. 
Storage of wild prickly pear appetizer 
Physico-chemical characteristics: There was a 
significant decrease in red and yellow TCU 
(Tintometer colour units) of wild prickly pear appe-
tizer during storage (Fig. 1a and 1b) which might 
be due to degradation of betalains (betacyanins 
and betaxanthins) pigment. The higher degrada-
tion of betalains occurred at ambient storage con-
ditions as compared to refrigerated conditions due 
to the light and high temperature. The higher re-
tention of red and yellow colour units of appetizer 
packed in glass bottle was due to the slower rate 
of various degradation reactions and slower con-
duction of heat to the product as compared to the 
PET bottle. Suryawanshi et al. (2008), Thakur et 
al. (2016) and Thakur et al. (2018a) have reported 
a similar trend of decrease in TCU (red and yel-
low) during storage of pomegranate juice, box 
myrtle appetizer and wild prickly pear squash. 
Apparent viscosity of wild prickly pear appetizer 
increased (Fig. 1c) significantly during the storage. 
The increase in strain and shearing rate along 
with the decrease in the flow index of the product 
led to develop pseudo plasticity which ultimately 
increased the apparent viscosity of the product 
(Bal et al., 2014). The other possible reason could 
be the formation of precipitates in appetizer which 
was caused due to the interaction of sugars with 
phenols and proteins. The increase in apparent 
viscosity of appetizer was observed higher in un-
der ambient temperature conditions as compared 
to refrigerated conditions. Similar results of in-
crease in apparent viscosity have been reported 
by El-Mansy et al. (2005) in mango and papaya 
nectar and Hamid and Thakur (2017) in mulberry 
appetizer during storage. 
There was a slight increase in TSS content of ap-
petizer during the storage period (Fig. 1d) which 
might be due to hydrolysis of various polysaccha-
rides into simple monosaccharides and soluble 
disaccharides (Gould, 1983). The higher increase 
in TSS was found in appetizer stored under ambi-
ent conditions as compared to refrigerated which 
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might be due to the faster reaction rates because 
of the high temperature in ambient conditions. The 
reducing sugars content of appetizer (Fig. 1e) 
increased significantly during storage, which was 

comparatively less in refrigerated storage condi-
tions than in ambient conditions. The possible rea-
son for this increase in reducing sugars content 
might be due to hydrolysis of starch into sugars. 

Chauhan, M. et al. / J. Appl. & Nat. Sci. 11(2): 315- 320 (2019) 

Table 1. Treatment details of appetizer. 

Treatments T1 T2 T3 T4 T5 T6 T7 T8 

Juice (%) 25 30 35 40 25 30 35 40 

TSS (oB) 40 40 40 40 45 45 45 45 

TSS: Total soluble solids 

Table 2. Sensory characteristics (scores) of different recipes of wild prickly pear appetizer. 

Treatments Colour Body Taste Aroma Overall acceptability 
T1 7.21 7.12 7.03 7.20 6.81 
T2 7.25 7.16 7.11 7.25 7.02 
T3 7.31 7.66 7.50 7.30 7.30 
T4 7.33 7.50 7.63 7.36 7.53 
T5 7.23 7.30 7.05 7.23 6.92 
T6 7.26 7.80 7.16 7.26 7.14 
T7 7.32 8.02 8.13 7.31 8.01 
T8 7.35 7.04 7.30 7.40 7.21 
CD 0.05 0.07 0.13 0.12 0.07 0.10 

Fig. 1 (a-f). Effect of storage on physico-chemical characteristics of wild prickly pear appetizer. 
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The increase in reducing sugars was recorded 
higher under ambient conditions which might be 
due to the faster rate of reactions due to the prev-
alence of high temperature in ambient conditions. 
Similar trend of increase in TSS and reducing sug-
ars content has been reported by Sharma et al. 
(2002), Selvamuthukumaran and Khanum (2013) 
and Thakur et al. (2018b) in plum appetizer, 
spiced seabuckthorn squash and wild aonla appe-
tizer, respectively. 
The titratable acidity of appetizer decreased slight-
ly during storage (Fig. 1f) and this decrease could 
be attributed to the chemical interactions of organ-
ic acids of appetizer with sugars and amino acids. 
There was a continuous decrease in ascorbic acid 
content of appetizer with advancement of storage 
period (Fig. 1g), which might be due to its degra-
dation into dehydro-ascorbic acid or furfural. As 
the ascorbic acid is highly sensitive to heat, there-
fore its degradation was reported higher in ambi-
ent conditions than refrigerated conditions. The 
results for above parameters during storage of 
appetizer are in accordance with the findings of 
Sharma et al., (2002) in plum appetizer, Deka et 
al., (2004) in lime-aonla appetizer, Selvamuthuku-
maran and Khanum (2013) in seabuckthorn  
appetizer and Thakur et al., (2016) in box myrtle 
appetizer. 
A significant decrease in betalains (betacyanins 
and betaxanthins) content of appetizer was rec-
orded during the storage (Fig. 1h and 1i) higher 
retention was observed under low temperature 
storage conditions. The loss of betalains in appe-
tizer might be due to their high susceptibility to 
photo oxidative degradation and poor stability dur-
ing storage. The possible changes that betalains 
may undergo during storage might be due to the 
breakdown of the aldimine bond, dehydrogena-
tion, deglycosylation and isomerisation which lead 
to decrease in the betalains content during stor-
age (Khan, 2016). Similar observations have been 
reported by Kathiravan et al. (2014) in beet root 
juice, Kathiravan et al. (2015) in beet root-passion 
blended juice. 
A gradual decrease in total phenols content of 
appetizer was observed during storage (Fig. 1j) 
and the total phenols were retained higher under 
low temperature storage conditions. This de-
crease in total phenols content during storage 
might be due to the complexing of phenolic com-
pounds with proteins which led to the subsequent 
precipitation and formation of polymeric com-
pounds (Abers and Wrolstad, 1979). Similar ob-
servations for decrease in total phenols have also 
been reported by Selvamuthukumaran and 
Khanum (2013) in seabuckthorn appetizer and 
Thakur and Thakur (2017) in box myrtle squash 
during storage. The antioxidant activity of appetiz-
er decreased significantly (Fig. 1k) during storage 
which might be due to the degradation of betalains 
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Fig. 1 (g-k). Effect of storage on physico-chemical 
characteristics of wild prickly pear appetizer. 
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and ascorbic acid during storage period as report-
ed by Mgaya-Kilima et al. (2015) in roselle-mango 
blended juice. Nearly, similar observations were 
recorded by Elez-Martinez et al. (2006) in thermal-
ly treated orange juice and Kathiravan et al. 
(2015) in beetroot-passion blended juice. 
Sensory characteristics: The colour, body, 
taste, aroma and overall acceptability scores of 
appetizer decreased significantly during storage 
(Fig. 2 and 3). The various browning reactions 
and copolymerization of organic acids of the prod-
uct led to decrease in colour scores which might 
have led the judges to award the lower scores of 
colour during storage. The formation of precipi-
tates in the product as a result of interactions be-
tween phenols and proteins decreased the body 
scores of the product during storage. There was a 
continuous decrease in taste scores of wild prickly 
pear appetizer during storage and the loss of sug-
ar-acid-salt blend might be responsible for this 
decrease in the taste of the product. The taste 
scores were retained higher in appetizer stored 
under low temperature conditions which might be 
due to slow reaction rates which contributes to-
wards the change in original sugar-acid-salt blend. 
The loss of various volatile aromatic compounds 
during storage might have led the judges to award 
the lower aroma scores to the product with re-
spective storage intervals. The appetizer packed 
in glass bottle retained higher aroma scores than 
PET bottle during storage which might be due to 
slower degradation of volatile aromatic com-
pounds in glass bottles.  The overall acceptability 
scores of appetizer decreased with the advance-
ment of storage period which might be due to the 
loss in colour, body, flavour compounds and uni-
formity of the product during storage. The de-
crease in various sensory characteristics scores 
was more pronounced under ambient storage 
conditions than refrigerated storage conditions 
which might be due to the better quality of the 
appetizer during storage as a result of slower rate 
of deteriorative chemical reactions. These above 
results for various sensory parameters are in con-

formity with the findings of Sharma et al. (2002) in 
plum appetizer, Hamid and Thakur (2017) in mul-
berry appetizer and Thakur et al. (2017) in wild 
pomegranate appetizer.  

Conclusion 

Wild prickly pear appetizer was developed by mix-
ing 35 per cent juice, 45 oB TSS and with a spice 
extract of cardamom (1 g), cumin (2.5 g), black 
pepper (2.5 g), common salt (5 g), black salt (5 g) 
then straining and mixing the extract in 200 ml of 
water, along with mint extract (10 ml) and ginger 
juice (15 ml). During six months of storage no 
much changes were observed in various physico-
chemical and sensory parameters of appetizer. 
The wild prickly pear appetizer could be stored 
safely for a period of six months under both stor-
age conditions (ambient and refrigerated) and 
packaging materials like PET and glass bottles. 
However, the best quality of this beverage could 
be maintained in glass bottle stored under  
refrigerated storage conditions as compared to 
PET bottle. 

REFERENCES 

1. Abers, J.E. and Wrolstad, R.E. (1979). Causative 
factors of colour determination in strawberry pre-
serves during processing and storage. Journal of 
Food Science and Technology, 44, 75-81. https://
doi.org/10.1111/j.1365-2621.1979.tb10008.x 

2. Amerine, M.A., Pangborn, R.M. and Roessler, E.B. 
(1965). Principles of sensory evaluation of food. Aca-
demic Press, London pp. 236-268. 

3. Bal, L.M., Ahmad, T., Senapati, A.K. and Pandit, P.S. 
(2014). Evaluation of quality attributes during storage 
of guava nectar cv. Lalit from different pulp and TSS 
ratio. Food Processing and Technology, 5, 349-353. 
https://doi.org/10.4172/2157-7110.1000329 

4. Castellanos-Santiago, E. and Yahia, E.M. (2008). 
Identification and quantification of betalains from the 
fruits of 10 Mexican cactus pear cultivars by high-
performance liquid chromatography and electrospray 
ionization mass spectrometry. Journal of Agricultural 
and Food Chemistry, 56, 5758-5764. https://
doi.org/10.1021/jf800362t 

Chauhan, M. et al. / J. Appl. & Nat. Sci. 11(2): 315- 320 (2019) 

Fig. 2. Effect of storage conditions on sensory char-
acteristics of wild prickly pear appetizer under ambi-
ent temperature conditions. 

Fig. 3. Effect of storage conditions on sensory char-
acteristics of wild prickly pear appetizer under refrig-
erated temperature conditions. 



 

320 

5. Chauhan, M., Thakur, N.S., Thakur, A. and Hamid. 
(2017). Standardization of enzymatic treatments for 
the extraction of juice from wild prickly pear (Opuntia 
dillenii Haw.). Indian Journal of Ecology, 44, 715-720. 

6. Cochran, W.R. and Cox, C.M. 1967. Experimental 
Design, John Wiley and Sons, New York, pp. 171-
217. 

7. Deka, B.C., Sethi, V., Suneja, P. and Shrivastava, 
V.K. (2004). Physico-chemical changes of lime aonla 
spiced beverage during storage. Journal of Food 
Science and Technology, 41, 329-332. 

8. Elez-Martinez, P., Soliva-Fortuny, R.C. and Martin-
Belloso, O. (2006). Comparative study on shelf life of 
orange juice processed by high intensity pulsed elec-
tric fields or heat treatment. European Food Re-
search and Technology, 222, 3-21. https://
doi.org/10.1007/s00217-005-0073-3 

9. El-Mansy, H.A., Sharoba, A.M., Bahlol, H.E.M. and 
El-Desouky, A.I. (2005). Rheological properties of 
mango and papaya nectar. Annals of Agriculture 
Science Moshtohor, 43, 665-686. 

10.Fernandez, M.L., Lin, E.C.K., Trejo, A. and McNama-
ra, D.J. (1992). Prickly pear (Opuntia spp.) pectin 
reverse low density lipoprotein receptor suppression 
induced by a hypercholesterolemic diet in guinea 
pigs. Journal of Nutrition, 22, 2230-2340. https://
doi.org/10.1093/jn/122.12.2330 

11.Gould, W.A. (1983). Tomato production, processing 
and quality evaluation. 2nd ed. Avi Publication Coo-
poration  Inc., West port, CJ.  

12.Hamid and Thakur, N.S. (2017). Development of 
appetizer (spiced squash) from mulberry (Morus alba 
L.) and its quality evaluation during storage. Journal 
of Applied and Natural Sciences, 9, 2235-2241. 
https://doi.org/10.31018/jans.v9i4.1517 

13.Kathiravan, T., Nadanasabapathi, S. and  Kumar, R. 
(2014). Standardization of process condition in batch 
thermal pasteurization and its effect on antioxidant, 
pigment and microbial inactivation of Ready to Drink 
(RTD) beetroot (Beta vulgaris L.) juice. International 
Food Research Journal, 21, 1305-1312. 

14.Kathiravan, T., Nadanasabapathi, S. and Kumar, R. 
(2015). Pigments and antioxidant activity of opti-
mized Ready-to-Drink (RTD) Beetroot (Beta vulgaris 
L.) passion fruit (Passiflora edulis var. flavicarpa) 
juice blend. Croatian Journal of Food Science and 
Technology, 7:9-21. 

15.Khan, M.I. (2016). Stabilization of betalains: a re-
view. Food Chemistry, 197, 1280-1258. https://
doi.org/10.1016/j.foodchem.2015.11.043 

16.Mahony, M.O. (1985). Sensory evaluation of food: 
statistical methods and procedures. Marcel Dekker: 
New York, pp. 168-169. 

17.Mgaya‐Kilima, B., Remberg, S.F., Chove, B.E. and 
Wicklund, T. (2015). Physico-chemical and antioxi-
dant properties of roselle‐mango juice blends: effects 
of packaging material, storage temperature and time. 
Food Science and Nutrition, 3, 100-109. https://
doi.org/10.1002/fsn3.174 

18.Osuna-Martínez, U., Reyes-Esparza, J. and 
Rodríguez-Fragoso, L. (2014). Cactus (Opuntia ficus-
indica): A review on its antioxidants properties and 

potential pharmacological use in chronic diseases. 
Nat Prod Chem Res, 2, 153. https://
doi.org/10.4172/2329-6836.1000153 

19.Parmar, C. and Kaushal, M.K. (1982). Opuntia dille-
nii. In: Wild Fruits. Kalyani publishers, New Delhi. pp. 
54-57. 

20.Ranganna, S. (1997). Handbook of analysis and 
quality control for fruit and vegetable products. Tata 
McGraw Hill, New Delhi. 1112p. 

21.Sharma, R., Barwal, V.S. and Kaushal, B.B.L. 
(2002). Preparation and evaluation of spiced plum 
squash. Beverage and Food World, 29, 23-24. 

22.Selvamuthukumaran, M. and Khanum, F. (2013). 
Development of spiced seabuckthorn [Elaeagnus  
hamnoides (L.) A. Nelson syn. Hippophae rham-
noides L.] mixed fruit squash. Indian Journal of Tradi-
tional Knowledge, 13, 132-141. 

23.Singleton, V.L. and Rossi, J.A. (1965). Colorimetry of 
total phenolics with phosphomolybedic phosphotung-
stic acid reagent. American Journal of Enology and 
Viticulture, 16, 144-158. 

24.Suryawanshi, A.B., Kirad, K.S., Phad, G.N. and Patil, 
S.B. (2008). Effect of various levels of pasteurization, 
preservative and their combination on organoleptic 
evaluation on pomegranate juice stored at room tem-
perature. The Asian Journal of Horticulture, 3:429-
432. 

25.Thakur, N.S. and Thakur, A. (2017). Development of 
squash from box myrtle (Myrica nagi) and its quality 
evaluation during storage. Journal of Hill Agriculture, 
8, 87-92. 

26.Thakur, A., Thakur, N.S. and Joshi, V.K. (2016). De-
velopment of appetizer from Box myrtle (Myrica nagi) 
and its quality evaluation during storage. International 
Journal of Food and Fermentation Technology, 6, 
151-161. 

27.Thakur, N.S., Dhaygude, G.S., Hamid and Kumar, P. 
(2017). Studies on development and storage quality 
of appetizer from wild pomegranate (Punica gran-
atum L.) fruits. Indian Journal of Ecology, 6, 697-703. 

28.Thakur, N.S., Chauhan, M. and Thakur, A. (2018a). 
Development of squash from wild prickly pear 
(Opuntia dillenii Haw.) fruit and its quality evaluation 
during storage. International Journal of Current Mi-
crobiology and Applied Sciences, 7, 1942-1954. 
https://doi.org/10.20546/ijcmas.2018.707.229 

29.Thakur, N.S., Thakur, N., Thakur, A., Hamid and 
Kumar, P. (2018b). Effect of packaging and storage 
temperature on storage behavior of appetizer (spiced 
squash) prepared from wild aonla (Phyllanthus embli-
ca L.) fruits. Chemical Science Review and Letters, 7, 
310-316. 

30.Thakur, M., Santran, V.K. and Nigam, A. (2012). 
Floristic composition and biological spectrum of Dar-
laghat wild life sanctuary Solan Himachal Pradesh, 
India. New York Science Journal, 5, 1-14. 

31.Zorgui, L., Golli, E.E., Bouaziz, C., Bacha, H. and 
Hassen, W. (2008). Cactus (Opuntia ficus-indica) 
cladodes prevent oxidative damage induced by the 
mycotoxin zearalenone in Balb/C mice. Food and 
Chemical Toxicology, 46, 1817-1824.  

Chauhan, M. et al. / J. Appl. & Nat. Sci. 11(2): 315- 320 (2019) 


