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Abstract 
Peeling is the preliminary and main stage of post-harvest processing of fruits and vegetables. The quality 
of processed fruits and vegetables is highly dependent on the peeling stage. Poor peeling management 
leads to expensive finished products due to high peeling losses and low quality of finished produce. 
Peeling methods fall into four main groups: mechanical, thermal, enzymatic and chemical peeling. A 
review on different methods of peeling has been made in order to compare peeling methods on variety of 
products. The review has been arranged on the basis of the technique used along with examples of the 
latest works of interest. 
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Introduction 
Peeling is performed before further process it as fruit or vegetable based products During the 
processing of any fruit or vegetables based products, it is important to minimize the loss of 
yield while retaining the quality of the products through ideal peeling methods (Toker et al., 
2003; Srikaeo et al., 2011; Rock et al., 2012) [57, 53, 46]. The peeling process involves a series of 
biochemical (chemical disintegration towards fruit skin), thermal (high temperature) and 
physical mechanisms (separation of the skin from biochemical and thermal effects) to 
adequately loosen and remove the skin of the fruits (Garcia and Barrett, 2006; Srikaeo et al., 
2011) [20, 53]. Various peeling methods have been utilized including the use of hand/manual or 
mechanical, steam or hot, lye or chemical, and enzymes (Rock et al., 2012) [46]. However, high 
cost of labor and large amount of water are required for washing stage which has caused 
severe damage to the environment (Fellows, 2000; Wongsa-Ngasri, 2004; Das et al., 2006; 
Rock et al., 2011; Li, 2012) [16, 63, 9, 46, 34]. 
 
Manual Peeling  
Manual peeling can be performed using stationary or rotatory hand peelers or knives against 
the surface of fruits and vegetables. Fresh-cut fruit and vegetables with good microbiological 
quality can be obtained by this method. reported that knife peeling caused less wounding in 
comparison to abrasion peeling in carrots (Somsen et al., 2004; Arazuri et al., 2010: Rock et 
al., 2011) [1, 52, 46]. This can result lower microbial contamination after processing. However, 
despite of good results obtained by manual peeling, this method is limited to small scale 
processing and is laborious and requires more time (Emadi et al., 2007; 2008) [14, 15]. 
 
Chemical peeling 
Lye Peeling  
Lye peeling is one of the oldest methods used in the food industry. This method is used mainly 
for peeling fruits and vegetables. The lye peeling have been used extensively in peaches, 
tomato, kiwi and potato (Barreiro et al. 2007; Garcia and Barrett 2006b; Gómez-López et al. 
2014) [2, 21, 23]. It involves the immersion of a product in alkaline solution at high temperatures 
(90–100 °C) (Di Matteo et al. 2012) [12]. In lye peeling, the lye solution dissolves the pectic 
and hemicellulosic material in the cell walls by cleaving the α-(1 → 4) bond between the 
individual galacturonic acid units. The removal of the pectin weakens the network of cellulose 
microfibrils and released the skin by collapsing the skin. (Barreiro et al. 2007) [2]. The alkaline 
solution used in lye peeling process is NaOH or KOH but NaOH is preferred as KOH is 
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generally expensive than NaOH (Das and Barringer 2006) [11]. 
Peeling time and peeling quality depends on the concentration 
of alkaline solution (Fellows, 2000; Kaleoglu et al., 2004; 
Garcia et al., 2002) [16, 31, 19]. The chemical–physical 
parameters in unpeeled and peeled samples did not show any 
differences in texture, sugar, protein and a-tocopherol 
contents while significant changes were observed in colour 
and total fat (Pagán et al., 2005 and 2010) [38, 37], Di Matteo et 
al. 2012) [12].  
 
Enzymatic Peeling  
Enzymatic peeling consists of treatment with a high-activity 
enzymatic solution containing polysaccharide hydrolytic 
enzymes, especially pectinases, cellulases, and hemicellulases 
since pectin, cellulose and hemicellulose are the 
polysaccharides most responsible for the adherence of the 
peel to the fruit ((Toker and Bayindirli, 2003, Suutarinen et 
al. 2003) [57, 54]. In enzymatic peeling, peeling efficiency 
depends on temperature, time and the ratio between peel mass 
and the enzyme solution volume ratio (Pagán et al. 2010a and 
2010b) [36, 37]. The main advantages of enzymatic peeling are 
its ability to produce good quality product, requirement of the 
reduced heat treatment and production of low industrial 
waste.  
 
Thermal Peeling  
Thermal peeling as well as chemical peeling is used for thick-
skinned vegetables. This method can be performed by wet 
heat (steam) or dry heat (flame, infrared, hot gases). Floros 
and Chinnan (1988a) [17] reported that the widespread 
application of steam peeling is due to its high level of 
automation, precise control of time, temperature and pressure 
by electronic devices to minimize peeling losses, and due to 
the reduced environmental pollution as compared to chemical 
peeling. This method of peeling - especially dry heat - causes 
a cauterizing of the surface, wound areas, and small pieces of 
charred skin, which if not removed, give a poor appearance to 
vegetables, especially canned ones (Weaver et al., 1980) [62]. 
Different types of thermal peeling are described below with 
reference to related works of interest. Different types of 
thermal peeling are described below with reference to related 
works of interest. 
 
Steam peeling  
Steam peeling is most popular among modern methods of 
peeling due to its widespread application, high automation, 
precise control of time, temperature and pressure; and reduced 
environmental pollution as compared to chemical peeling 
(Garrote et al. 2000) [22]. The steam peeling has advantages as 
increased production capacity and improved appearance of 
the product (Floros and Chinnan (1988b) [18]. Steam peeling 
has been explained as a combination of two phenomena. First 
it builds up internal pressure due to high temperature which 
causes mechanical failure of the cell, and secondly it affects 
the tissue resulting the loss of rigidity and reduced turgor 
pressure, melting and breakdown or disorganization of the 
cell wall substances, such has pectin and polysaccharides 
(Garrote et al. 2000) [22]. The vegetables are introduced in 
batches into a pressure vessel with steam (1,500 kPa) which 
rotates at a speed of 4–6 rpm. The rotation allows the 
vegetable surface to be treated by steam.  
 
Flame or dry heat peeling  
Flame or dry heat peeling consists of a conveyor belt that 
carries and rotates the vegetables through a furnace heated to 

1,000 °C. The outer ‘paper shell’ and root hairs are burned 
off, and the charred skin is removed by high-pressure water 
sprays. Average product losses are usually 9%. Dry peeling is 
better than wet peeling in reducing microbial populations and 
preserving ascorbic acid content.  
 
Infrared Peeling  
I R heating technique is a novel dry-peeling method for 
peeling fruits and vegetables since it does not require any 
heating medium, such as lye, water, or steam (Li et al. 2014) 

[34]. IR dry-peeling resulted in lower peeling loss (8.3%–
13.2% vs. 12.9%–15.8%), thinner thickness of peeled-off skin 
(0.39–0.91 mm vs. 0.38–1.06 mm), and slightly firmer texture 
of peeled products (10.30–19.72 N vs. 9.42–13.73 N). The 
method also ensured color and texture characteristics of the 
peeled products.  
 
Thermal blast peeling 
The vegetables and fruits are placed in a closed and elevated 
pressure vessel heated by infrared heat from the vessel wall 
and conductive heat from the superheated steam atmosphere. 
The heat treatment leads to an increased plasticity of the skin 
tissues caused by drying which will decrease the resistance of 
peel against rupture when steam flows under the skin. This 
stage is too short for heat to penetrate to the edible portion 
and the pressure is reduced to atmospheric pressure by 
instantly opening the vessel. 
Harris and Smith (1986) [26] tested this method for Alfagold 
pumpkin under 343.33 °C within 45 minutes and got 89.4 per 
cent yield by weight. The process was able to reduce peeling 
losses from 28% to about 11% for saturated steam and 
thermal blast peeling respectively. 
 
Freeze-thaw 
Brown et al. (1970), Thomas et al. (1976), Goud (1983), and 
Woodroof and Luh (1988) [6, 55, 24, 64] attempted to eliminate 
the use of caustic solutions in the peeling of tomatoes by the 
use of the freeze-thaw method. In this method tomatoes are 
immersed in liquid nitrogen for 5-15 seconds, and then 
thawed in warm water at 66 ºC for 30 seconds to loosen the 
peel. The loss was about 5-7% but this method was not 
effective on immature yellow and green shoulder tissues. It 
was mentioned that the method is applicable for peaches as 
well. 
 
Vapour explosion (vacuum peeling) 
Drooge et al. (1999) [13] tested the vapour explosion method 
for removing the skins of fruits and vegetables by explosive 
vaporization of the moisture under the skin of fruits and 
vegetables. They placed the vegetable in a peeling vessel, and 
the pressure in the vessel was rapidly reduced (below 
atmospheric pressure), leading to explosive vaporization of 
the moisture. Drooge et al. 1999 suggested that it is possible 
to reduce the air pressure and to cool the vegetable before the 
vapour explosion. Kliamow et al. (1977) [32] called this 
method vacuum peeling. They applied vacuum at 600-700 
mm Hg to tear the peel off tomatoes. They reported high 
peeling efficiency, retention of high fruit quality and low 
energy consumption as well as cost for this method. 
 
Mechanical Peeling  
Mechanical peeling includes different types of process that 
interact directly with skin and then removes the skin. 
Common commercial mechanical peelers are abrasive 
devices, drums, rollers, knives and milling cutters 
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(Shirmohammadi et al. 2012) [50]. Mechanical peelers can 
provide high quality fresh final products and they are 
environmental friendly and nontoxic. The method is 
associated material loss or peeling loss due to irregular 
weight, size and shape of produce, variation in the texture of 

skin/peel, rind and flesh and low flexibility of the machine. 
Thus, the products are loaded with unwanted mechanical 
loads (compression, impact, shearing and vibration) which 
results in bruising of the fruits. 

 
Table 1: Different peeling methods and related research made. 

 

Method 
Fruit/ 

vegetable 
Conclusion Researchers 

Lye Peeling 

Kiwifruit 
NaOH concentration above 20% resulted in softening of 

skin 
Gómez-López et al. 2014 [16]. 

Kiwifruit 
Boiling solution of NaOH at 2.5% inhibited the enzymatic 

browning 

Caceres et al. 2012 [7]; Di Matteo et al. (2012) [12], (Shi 
et al., 2000; Das et al., 2006; Kaleoglu et al., 2004) [49, 

11, 31]. 

Potato 
NaOH at 20% process temperature 72 ºC and time 7 

minutes resulted in best peeling quality. 
Garrote et al. (2000) [22]; Barreiro et al. 2007 [2]; Di 
Matteo et al. 2012 [12]; Das and Barringer 2006 [11]. 

Sweet potato 
30 minute pre-soak in naoh at 78-83 ºC resulted in best 

peeling efficiency 
Walter et al. (1982) [61]; Pretel et al., 2008 [45]; Rock et 

al., 2012 [46]. 

Enzymatic 
Peeling 

Oranges 
enzyme concentration of enzyme peeling be 1 ml L −1, 

optimum temperature 35–40 °C and pH range of 3.5–4.5

Pretel et al. (2008) [45]; Pagán et al. 2010a [36], (Pagán et 
al., 2005 [38]; Pagán et al., 2010b [37], Pretel et al. (1998)
[42], Pretel et al. (2005) [40]; Pretel et al. (2007) [41]. 

Citrus fruits 1% pectinase solution at 40 °C for 15–40 min 

Barrios et al. 2014 [3]; Toker and Bayindirli, 2003 [57]. 
Ben-Shalom et al., 1986 [5]; Rouhana and Mannheim, 

1994 [47]; Soffer and Mannheim, 1996 [51]; Pretel et al., 
1997 [43]; Pretel et al., 2001 [44]. 

Persimmon fruit 
Bacterial and fungal counts of enzymatic peeling was 

least and quality parameters such as color index, pH and 
texture were unaffected in enzymatic treated product. 

Murakami et al. (2012) [35], Toker and Bayindirli (2003) 
[57], Srikaeo et al. (2011) [53]. 

Apricot, 
nectarines, and 

peaches 

better texture and appearance for product after enzymatic 
peeling because of fewer amounts of broken segments and 

juice losses 

Janser (1996) [30]; 
Toker and Bayindirli (2003) [57]. 

Grapes 
Vacuum infusion by immersion in an enzyme bath for 12 
min followed by hand-peeling resulted in easy peeling. 

Prakash et al. (2001) [39]. 

Thermal 
Peeling 

Tomatoes 
steam at temperatures and flow rates of 425 to 480 ºC and 

12-15 lb steam per ft2 min respectively 
Weaver et al. (1980) [62]. 

Pumpkin and 
apples 

caustic and steam peeling methods superheated steam at 
100 psig (7kg/cm2) at mean inlet temperatures of 371 ºC 

Peeled yields in excess of 95% 
Kunz (1978) [33]. 

Pimiento 
peppers 

Constant temperature of 215º C and steam pressure of480 
KPa. Each cycle was 10 seconds long (except the last 

which was 5 seconds). Steam was supplied and pressure 
built_up for the first 5 seconds. 

Floros and Chinnan (1988a) [17]. 

 
However, it is still preferred among the current methods as it 
can keep edible portions of products fresh and harmless. The 
main factors affecting the peeling process are mechanical and 
physical properties of fruit and vegetable tissues, such as skin 
thickness, firmness, toughness, variety, rupture force, cutting 
force, maximum shearing force, shear strength, tensile 
strength and rupture stress (Shirmohammadi et al. 2012) [50]. 
The study of the physical and mechanical properties can 
improve the efficiency of peeling equipment i.e peelers.Many 
attempts have been made to develop optimized process to 
reduce the material loss (Grotte et al. (2001); Jackman and 
Stanley (1994); Voisey et al. (1970); Thompson et al. (1992); 
Jackman and Stanley (1992); Voisey and Lyall, 1965a; 
Voisey and Lyall, 1965b; Holt 1970; Voisey et al., 1970; 
Behnasawy et al., 2004; Rybczynski and Dobrzanski, 1994. 
Clevenger and Hamann, 1968; Thompson et al., 1992) [25, 28, 60, 

56, 29, 58, 59, 27, 60, 4, 48, 8, 56]. 
Other approaches aimed to minimize the material loss in 
mechanical peeling of fresh fruits and vegetables is the 
development of computational models to simulate tissue 
damage. These models show potential of improving designs 
and selecting optimum conditions. Modeling can provide

critical analysis by understanding the deformation during 
peeling process (Shirmohammadi et al. 2011) [50]. Modelling 
of mechanical peeling of fruits and vegetables will enhance 
efficiency and quality and can help to reduce material loss. 
Another significant advantage of models is the possibility of 
improving the life of tools by reducing wear (Emadi et al., 
2007; Shirmohammadi et al. 2011) [15, 50].  
 
Conclusions 
Except for manual abrasive peeling which results in close to 
the ideal peeling, other current peeling methods cause high 
waste of flesh (unexpected losses). But, manual peeling leads 
to more consumption of time and labour. Mechanical, 
chemical, and thermal (steam and freeze) are conventional 
peeling methods of fruits and vegetables. These methods use 
mechanical devices, caustic solutions, and heat to peel 
produce respectively. Each method has its benefits and 
limitations depending on the technique used. Mechanical 
methods can be preferred because of some certain advantages 
such as low damage to the flesh and enhanced freshness of 
peeled produce, low environmental pollution, and possibility 
of utilization of byproducts of the fruit. 
 
 



 

~ 1828 ~ 

International Journal of Chemical Studies 

References 
1. Arazuri S, Jaren C, Correa PC, Arana I. Influence of the 

peeling process on pepper quality. Journal of Food 
Agriculture and Environment. 2010; 8:44-48.  

2. Barreiro JA, Sandoval AJ, Rivas D, Rinaldi R. 
Application of a mathematical model for chemical 
peeling of peaches (Prinus persia L.) variety Amarillo 
Jarillo. Journal of Food and Science Technology. 2007; 
40:574-578.  

3. Barrios S, De Aceredo A, Chao G, De Armas V, Ares G, 
Martín A et al. Passive modifi ed atmosphere packaging 
extends shelf life of enzymatically and vacuum-peeled 
ready-to-eat valencia orange segments. J Food Qual. 
2014; 37:135-147B. 

4. Behnasawy AH, El Haddad ZA, El Ansary MY, Sorour 
HM. Physical and mechanical properties of some 
Egyptian onion Cultivars, Journal of Food Engineering. 
2004; 62:255-261. 

5. Ben Shalom N, Levi A, Pint, R. Pectolytic enzyme 
studies for peeling of grapefruit segment memebrane, 
Journal of Food Science. 1986; 51:421-423. 

6. Brown HE, Meredith FI, Saldana GS, Stephens TS. 
Freeze peeling improves quality of tomatoes, Journal of 
Food Science. 1970; 35:485-488. 

7. Caceres LG, Andrade JS, da Silva Filho DF. Effects of 
peeling methods on the quality of cubiu fruits. Food Sci 
Technol (Campinas). 2012; 32:255-260.  

8. Clevenger JT, Hamann DD. The behaviour of apple skin 
under tensile loading, Transactions of the ASAE. 1968; 
11:34-37. 

9. Das BK, Kim JG, Choi JW. Effi cacy of different 
washing solutions and contact times on the microbial 
quality and safety of fresh-cut paprika. Food Sci, 2006.  

10. Das D, Barringer S. Potassium hydroxide replacement for 
lye (sodium hydroxide) in tomato peeling. J Food process 
Preserv. 2006; 30:15-19. 

11. Das DJ, Barringer SA. Potassium hydroxide 
replacement for lye (sodium hydroxide) in tomato 
peeling. Journal of Food Processing and Preservation. 
2006; 30:15-19.  

12. Di Matteo M, Albanese D, Liguori L. Alternative method 
for Hazelnuts peeling. Food Bioprocess Techno. 2012; 
5:1416-1421 

13. Drooge V, Lodewijk B. Method for the removal of skins 
from fruits or vegetables by vapour explosion, U. S, 
1999, Patent No. 5942271. 

14. Emadi B, Abbaspour Fard MH, Yarlagadda PKDV. 
Mechanical peeling of pumpkins. Part 1: Using an 
abrasive-cutter brush. Journal of Food Engineering. 
2008; 89:448-452.  

15. Emadi B, Kosse V, Yarlagadda PKDV. Abrasive 
peeling of pumpkin. Journal of Food, 2007.  

16. Fellows PJ. Fermentation and enzyme technology. 3rd 
ed. Food processing Technology: Principles and 
practice. New York, Washington, DC: Woodhead 
Publishing, 2000. 

17. Floros J, Chinnan MS. Seven factors response surface 
optimisation of a double-stage lye (NaOH) peeling 
process for pimiento peppers,” Journal of Food Science. 
1988b; 53(2):631. 

18. Floros JD, Chinnan MS. Microstructural changes during 
steam peeling of fruits and vegetables, Journal of Food 
Science. 1988a; 53:849-853. 

19. Garcia E, Barrett DM. Preservative treatments for fresh-
cut fruits and vegetables, Fresh-cut fruits and vegetables. 
CRC, Boca Raton, FL, 2002, 267-304.  

20. Garcia E, Barrett DM. Peelability and yield of processing 
tomatoes by steam or lye. J Food Process Preserv. 2006; 
30:3-14. 

21. Garcia E, Barrett DM. Evaluation of processing 
tomatoes from two consecutive growing seasons: 
Quality attributes, peelability and yield. Journal of Food 
Processing and Preservation. 2006; 30:20-36.  

22. Garrote RL, Silva ER, Bertone RA. Effect of thermal 
treatment on steam peeled potatoes. J Food Eng. 2000; 
45:67-76. 

23. Gómez López VM, Ragaert P, Jeyachchandran V, 
Debevere J, Devlieghere F. Shelf-life of minimally 
processed lettuce and cabbage treated with gaseous 
chlorine dioxide and cysteine. Int J Food Microbiol. 
2014; 121:74-83. 

24. Goud WA. Tomato production, processing and quality 
evaluation, AVI Publications Co Inc. Westport, 
Connecticut, 1983. 

25. Grotte M, Duprat F, Loonis D. Mechanical properties of 
the skin and the flesh of apples, International Journal of 
Food Properties. 2001; 4(1):149-161. 

26. Harris H, Smith DA. Thermal blast peeler increases 
food-processing efficiency, Highlights of Agricultural 
Research. 1986; 330(2):9. 

27. Holt CB. The measurement of tomato firmness with a 
Universal Testing Machine, Journal of Texture Studies. 
1970; 1:491-501. 

28. Jackman RL, Stanley DW. Influence of the skin on 
puncture properties of chilled and nonchilled tomato 
fruit, Journal of Texture Studies. 1994; 25:221-230. 

29. Jackman RL, Stanley DW. Area- and perimeter-
dependent properties and failure of mature-green and 
red-ripe tomato pericarp tissue, Journal of Texture 
Studies. 1992; 23:461-474. 

30. Janser E. Enzymatic peeling of fruit, Food Processing. 
1996; 3:1-4. 

31. Kaleoglu M, Bayindirli L, Bayindirli A. Lye peeling of 
‘Tombul’ hazelnuts and effects of peeling on quality, 
Food and Bio-product Processing. 2004; 82(C3):201-206. 

32. Kliamow K, Genczew L, Kafedzwiew. Bulgarian 
vacuum method of peeling, Prazemysl Spozywczy. 1977; 
31(3):82-84. 

33. Kunz P. German Federal Republic Patent Application. 
1978; 2:639117 

34. Li X, Pan Z, Atungulu GG, Zheng X, Wood D, Delwiche 
M et al. Peeling of tomatoes using novel infrared 
radiation heating technology. Innov Food Sci Emerg 
Technol. 2014a; 21:123-130.  

35. Murakami Y, Ozaki Y, Izumi H. Microbiological and 
physicochemical quality of enzymatically peeled 
persimmon fruit for fresh-cut slices. Hort Sci. 2012; 
47:382-385. 

36. Pagán A, Conde J, Ibarz A, Pagán J. Effl uent content 
from albedo degradation and kinetics at different 
temperatures in the enzymatic peeling of grapefruits. 
Food Bioprod Process. 2010; 88:77-82. 

37. Pagán, A, Conde J, Ibarz A, Pagán J. Effluent Content 
from albedo degradation and kinetics at different 
temperatures in the enzymatic peeling of grapefruits. 
Food Bioproduct Process. 2010; 88:77-82. 

38. Pagán A, Ibarz A, Pagán J. Kinetics of the digestion 
products and effect of temperature on the enzymatic 



 

~ 1829 ~ 

International Journal of Chemical Studies 

peeling process of oranges. Journal of Food 
Engineering. 2005; 71(4):361-365.  

39. Prakash S, Singhal RS, Kulkarni RR. Enzymic peeling of 
Indian Grapefruit (citrus paradise), Journal of the science 
of food and agriculture. 2001; 81:1440-1442. 

40. Pretel MT, Amoros A, Botella MA, Serrano M, 
Romojaro F. Study of albedo and carpelar membrane 
degradation for further application in enzymatic peeling 
of citrus fruits. Journal of the Science of Food and 
Agriculture. 2005; 85:86-90. 

41. Pretel MT, Botella MA, Amorós A, Zapata PJ, Serrano 
M. Optimization of vacuum infusion and incubation 
time for enzymatic peeling of “Thomson” and “Mollar” 
oranges. LWT - Food Science and Technology. 2007; 
40(1):12-20.  

42. Pretel MT, Fernández PS, Martínez A, Romojaro F. 
Modelling design of cuts for enzymatic peeling of 
mandarin and optimization of different parameters of the 
process. Z Lebensm Unters Forsch A. 1998; 207:322-
327. 

43. Pretel MT, Lozano P, Riquelme F, Romojaro F. Pectic 
enzymes in fresh fruit processing: Optimization of 
enzymic peeling of oranges. Process Biochemistry. 
1997; 32:43-49.  

44. Pretel MT, Romojaro F, Serrano M, Amorós A, Botella 
MA, Obón C. New commercial uses for traditional 
varieties of citrus Southeast Spanish. Agricultural 
Levante. 2001; 357:320-325.  

45. Pretel MT, Sanchez Bel P, Egea I, Romojaro F. 
Enzymatic of citrus fruits: Factors affecting degradation 
of the albedo. Journal of Tree and Forestry Science and 
Biotechnology. 2008; 2(Special Issue 1):52-59.  

46. Rock C, Yang W, Goodrich Schneider R, Feng H. 
Conventional and Alternative Methods for Tomato 
Peeling. Food Engineering Reviews. 2012; 4(1):1-15. 

47. Rouhana A, Mannheim CH. Optimization of enzymatic 
peeling of grapefruit. LWT – Food Science and 
Technology. 1994; 27:103-107.  

48. Rybczynski R, Dobrzanski B. Mechanical resistance of 
apple in different place of fruit, International 
Agrophysics. 1994; 9(3):455-459. 

49. Shi J, Le Maguer L. Lycopene in tomatoes: Chemical 
and physical properties affected by food processing. 
Critical Reviews in Food Science and Nutrition. 2000; 
40:1-42.  

50. Shirmohammadi M, Yarlagadda PK, Kosse V, Gu Y. 
Study of tissue damage during mechanical peeling of 
tough skinned vegetables. In: Annual international 
conference proceedings: materials science, metal and 
manufacturing (M3 2011). Global Science and 
Technology Forum, 2011, 41-46.  

51. Soffer T, Mannheim CH. Optimization of enzymatic 
peeling of oranges and pomelo, Lebensmittel-
Wissenschaft und Technology. 1996; 27:245-248. 

52. Somsen D, Capelle A, Tramper J. Manufacturing of par-
fried French-fries. Part 2: Modeling yield efficiency of 
peeling. Journal of Food Engineering. 2004; 61:199-207. 

53. Srikaeo K, Khamphu S, Weerakul K. Peeling of gingers 
as evaluated by image analysis techniques: A study for 
pickled ginger process. Food Research Journal. 2011; 
18(4):1387-1392.  

54. Suutarinen L, Rouhana A, Mannheim CH. Optimization 
of enzymatic peeling of grapefruit, LWT – Food Science 
and Technology. 2003; 27:103-107. 

55. Thomas WM, Stanley DW, Arnott DR. An evaluation of 
blanch, lye and freeze-heat methods for tomato peel 
removal, Canadian Institute of Food Science and 
Technology Journal. 1976; 9:118.  

56. Thompson RL, Fleming HP, Hamann DD. Delineation 
of puncture forces for exocarp and mesocarp tissues in 
cucumber fruit, Journal of Texture Studies. 1992; 
23:169-184. 

57. Toker I, Bayindirli A. Enzymatic peeling of apricots, 
nectarines and peaches. LWT - Food Science and 
Technology. 2003; 36:215-221. 

58. Voisey PW, Lyall LH. Methods of determining the 
strength of tomato skin in relation to fruit cracking, Proc. 
J. Amer. Soc. Hort. Sci. 1965; 86:597-609. 

59. Voisey PW, Lyall LH. Puncture resistance in relation to 
tomato fruit cracking, Canadian Journal of Plant Science. 
1965b; 45:602-603. 

60. Voisey PW, Lyall LH, Kloek M. Tomato skin strength-
its measurement and relation to cracking, Journal of 
American. Society of Horticultural Science. 1970; 
95:485-488. 

61. Walter Jr W, Schadel W. Effect of lye peeling conditions 
on sweet potato tissue, Journal of Food Science. 1982; 
47(3):813. 

62. Weaver M, Huxsoll C, NG K. Sequential heat-cool 
peeling of tomatoes, Food Technology. 1980; 34:40. 

63. Wongsa Ngasri P. Ohmic heating of biomaterials: 
Peeling and effects of rotating electric field. Columbus, 
United States: Ohio State University, 2004. 

64. Woodroof, Luh. Infra-red peeling, Food Technology. 
1988; 25:813-817. 
 


