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Abstract 
Popular snacks like cucumber chips are frequently deep-fried, which uses a lot of oil in the cooking 

process. In addition to affecting the sensory qualities of the chips, excessive oil uptake is unhealthy due 

to the increased fat content. The purpose of this study was to evaluate and compare how various 

pretreatments affected how quickly cucumber chips absorbed oil during frying. The T1, T2, T3, T4, and T5 

therapy approaches were chosen. Before deep-frying, cucumber chips underwent pretreatments, and their 

oil uptake kinetics were assessed and compared. At a constant temperature of 180 °C, the pretreatment 

cucumber chips were deep-fried, and the oil uptake was monitored frequently. 

 

Keywords: Cucumber chips, oil uptake kinetics, pretreatment, deep-frying 

 

Introduction 

In many nations, cucumbers (Cucumis sativus L.) are one of the most widely consumed 

vegetables. It is a member of the cucurbitaceous family. The crop's primary ingredient (96%) 

is water, and it contains a lot of vitamins, minerals, and organic acids, making it a nutritious 

food. Cucumber chips are a popular snack consumed worldwide due to their crispy texture and 

refreshing taste. However, the frying process involved in their production often leads to 

significant oil uptake, resulting in a less healthy product. To address this issue, various 

pretreatment methods have been explored to minimize oil absorption during frying. By 

comparing the impacts of several pretreatments on the oil uptake kinetics of cucumber chips, 

this comparative analysis intends to assess the possibility for lowering oil absorption and 

enhancing the overall quality of the finished product. Cucumber contains (96.3 g) water, (0.4g) 

protein, (0.1 g) fat, (0.3 g) minerals, (0.4 g) fiber, (2.5 g) carbohydrate, (13Kcal) energy, (10 

mg) calcium, (25 mg) phosphorus, (1.5 mg) iron, (0.33 mg) thiamine, (0.2 mg) niacin, (7 mg) 

vitamin “C” per (100 g) edible portion (Gopalan et al., 1982) [16]. Deep-fat frying is a 

complicated physicochemical process that is simultaneously influenced by a variety of 

variables, including temperature, time, the kind of frying oil and fried food, whether the heat is 

constant or intermittent, the fryer model, the use of filters, and the addition of additional oil. 

(Chatzilazarou et al., 2006; Kalogianni et al., 2010; Rojo and Perkins, 1987) [13, 14, 5]. When 

food is fried, a range of factors such as frying time, temperature, initial moisture content of the 

product, oil quality, product shape, interfacial tension, post-frying treatment, and food surface 

condition can affect how much fat is absorbed. (Gamble et al., 1989) [4]. Typically, frying 

entails utilising a liquid oil as a heating medium to cook food quickly at a relatively high 

temperature. Dana, D. and Saguy, I.S. (2006) [10]. During deep-fat frying, mass transfer causes 

the dissipation of oil, protein, carbohydrate, vitamin and moisture from fried food and product 

oil uptake (Krokida et al., 2000; Sosa-Morales et al., 2006) [2, 15]. Because of the high frying 

temperatures employed, items usually only need to be fully cooked for a short period of time 

(between 0.5 and 5 minutes). (Tian et al., 2016) [11]. Saguy and Pinthus, (1995) [17] suggested 

that as the water is evaporated from the product during frying, the rate of oil absorption 

increases due to a reduction in the pore internal pressure. Convection, which is created by free 

water boiling at the surface when moist food is submerged in hot oil, is one of the two ways 

that heat can be transferred when oil is heated. The moisture vaporizes out, and creates a path 

known as capillary pore, through which hot oil enters the food. The reactions occurs by the 

influence of oil uptake, crust formation shrinkage and swelling, thus inducing macro-and 

micro structural changes (Garayo and Moreira, 2002) [1]. 
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One of the most crucial quality criteria for fried foods is oil 

uptake, yet this is inconsistent with contemporary consumer 

trends towards healthier food and low-fat goods. (Bouchon 

and Pyle, 2004) [12]. Focus on the microstructure, techniques 

for lowering oil uptake, oil quality, bioactive compound 

deterioration, and hazardous compound creation (Duek and 

Bouchon 2011) [6]. The degradation of the oil is influenced by 

a variety of factors. The conditions of the process are the ones 

that have the biggest impact on the frying oil quality. In 

addition, there are additional elements including oil 

composition, oil absorption by food, frying time, and others. 

(Aladedunye et al., 2014) [8]. 

On the quality of vacuum fried jackfruit chips, the impact of 

frying temperatures and times was assessed. With an increase 

in frying temperature and time, jackfruit chips' moisture 

content and breaking strength dropped. During vacuum 

frying, however, the oil content rose. Jackfruit chips were 

found to require 30, 25, and 20 minutes of cooking time at 80, 

90, and 100 oC, respectively. (Maity et al., 2014) [7]. The 

impact of pre-drying on the texture and oil uptake of potato 

chips was examined, and it was discovered that pre-drying 

considerably improved the crispness of the potato slices after 

frying and dramatically reduced oil absorption. (Pedreschi and 

Moyano 2005) [3]. Another of the best oilseed crops used to 

produce healthy oil is canola (Brassica napus). When 

compared to rapeseed oil with a high erucic acid content, this 

oil has different chemical, physical, and nutritional 

characteristics. (Beig Mohammadi et al., 2012) [9]. 

 

Importance of oil uptake reduction 

Excessive oil uptake during frying not only increases the 

caloric content of the snack but also affects its sensory 

attributes, self life, and overall consumer acceptance. By 

minimizing oil absorption, the nutritional profile of cucumber 

chips can be enhanced, making them a healthier snacking 

option. 

 

Pretreatment Methods 

The effectiveness of several pretreatment techniques in 

lowering oil uptake during frying is examined and contrasted 

in this study. The following methods are frequently used: 

1. Blanching: Cucumber chips are briefly immersed in hot 

water or steam to soften the tissue and remove surface 

contaminants. Blanching can potentially reduce oil 

uptake by creating a barrier and modifying the surface 

characteristics of the chips. 

2. Oil uptake kinetics: The dynamic process of oil 

absorption by the cucumber chips during frying is 

referred to as oil uptake kinetics. This investigation 

comprises measuring the pace and amount of oil 

absorption for various pretreatment techniques as well as 

tracking changes in oil content over time. It offers 

insightful data on the efficiency of pretreatments in 

limiting oil uptake. 

 

Material and Method 

Agricultural Engineering, College of Post Harvest 

Technology and Food Processing, S.V.P. University of 

Agriculture & Technology, Meerut (U.P.), India conducted 

experiments to investigate "Comparative analysis of different 

pretreatments on oil uptake Kinetics of Cucumber Chips" 

from 2020 to 2023. Experiments were carried out to evaluate 

physical property of chips as fresh and after frying; physic-

chemical properties, frying properties cucumber chips fried in 

different oils were also evaluated. Various materials and 

methods used in the course of investigation is given under 

following heads.  

 

Materials 

The neighborhood market in Meerut provided the fresh 

vegetables. With a knife with a sharp edge, the leaves and end 

portion were removed. Then, the surface was washed with tap 

water to remove the dust and debris. Peeled and again washed 

with water followed by slicing with a chips cutter. The chips 

were then weighed and achieved sliced weight samples were 

made for each pretreatment and methods of drying, and then 

apply the different treatments. 

 

Preparation of Cucumber Chips 

The Laboratory of Agro Processing Centre, Department of 

Agricultural Engineering, College of Post Harvest 

Technology and Food Processing, S.V.P. University of 

Agriculture & Technology, Meerut (U.P.), India, developed 

the cucumber chips and conducted a comparative study on 

them. Studies were also carried out to evaluate 

physicochemical properties of oil uptake and oil uptake 

kinetics of cucumber chips in different oils. Cucumber chips 

were prepared in the following way and the flow chart 

 

 
 

Fig 1: Flow chart for development of cucumber chips 

 

Pretreatments   

Pretreatments were applied to the cucumber slices, and an 

untreated sample was used as a control. The sliced was 

subjected to pre-treatments indicated as (1) Blanching with 90 

°C for 5 min (2) Blanching with 1%Nacl at 90 °C for 5 min 

(3) Blanching with 0.5% KMS + 1.0% NaCl at 90 °C for 5 

min. (4) Blanching with 0.5% KMS+1% NaCl + 0.5% CA at 

90 °C for 5 min. (5) Blanching with 1% Cacl2+1% NaCl at 90 

°C for 5 min. Following their removal from the solution, the 

slices were spread out in trays and dried in a tray dryer at 60 
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°C after having the surface moisture removed by blotting 

paper. 

 

Slicer 

Slicer was used to make slices of vegetables. The thickness of 

slice was 2-3 mm and varies with slice blade.  

 

Electronic balance 

Electronic balance for sample weighing (Aczet, CY 224). A 

top pan electronic balance with a digital display and great 

precision was employed. It features a 1000 g capacity and a 

0.001 g minimum count. Another electronic balance (Samson, 

S500) with a maximum capacity of 5 kg and a lowest count of 

0.1 g was utilised for bigger product amounts. The samples 

were weighed using a top pan electronic balance from M/s 

Eagle Instruments Pvt., New Delhi, which has a minimum 

count of 0.002 g. 

 

Hot air oven  

The hot air oven (SANCO) has two walls and is 78 cm by 27 

cm by 116 cm. While the inner chamber was made of 

stainless steel, the outside chamber was made of mild steel. 

Between two walls, 65 cm of glass wool insulation was 

installed. For uniform heating, heating elements were evenly 

distributed in the ribs of the side walls and the back wall. The 

oven's side walls were equipped with air ventilators. In front 

of the oven, a computerised display was set up to gauge the 

temperature.  

A thermostat was used to regulate the temperature. The 

stainless steel perforated shelves allowed for the installation 

of samples on top of them. Samples were dried in an oven to 

measure the moisture content of raw materials and their 

products. 

 

Tray dryer  

The heating unit, drying chamber, and centrifugal fan for air 

flow made up the tray drier. The dryer included a drying 

chamber, a heating element, and a fan. An enclosed box with 

a single door opening at the front served as the drying 

chamber. The drying room contained ten aluminium trays. In 

order to raise the temperature inside the drying chamber, six 

heating units were fitted. A circulating fan was used to move 

the hot air throughout the cabinet. In order to control the 

preferred temperature for the drying trials, a thermostatic 

controller (50 - 250oC) was also linked to the heating unit. 

Oil uptake 

Oil uptake was to obtained how many time (sec.) to be taken 

completely fried of potato/cucumber chips. It s percentage of 

oil absorption of chips in different oil case. 

 

Oil uptake kinetics  

Oil uptake kinetics was to obtained change of fried weight 

and initial weight per unit of time. 

 

Oil uptake kinetics =  
Wf−Wi

t
  

 

Where  

Wf=fried weight 

Wi=initial weight 

T=time 

 

Result and discussion 

In Table 1, experimental results on oil uptake kinetics and % 

of oil absorption in deep-fried chips that were fried in mustard 

oil and sunflower oil are presented. The oil uptake changed 

with respect to different pretreatments given to cucumber 

chips fried in mustard oil. It was found that sample T1 having 

highest fried weight, oil absorption percentage and highest oil 

uptake kinetics as 25.0 g, 233.33% and 1.03, respectively 

after 17 second frying. Lowest fried weight, oil absorption 

percentage was found in sample T2 as 18.5 g and 146.66%, 

respectively after 23 second frying, whereas lowest oil uptake 

kinetics was found in sample T5 (0.37) after 39 second frying. 

The oil uptake changed with respect to different pretreatments 

given to cucumber chips fried in sunflower oil. It was found 

that sample T1 having highest fried weight, oil absorption 

percentage and highest oil uptake kinetics as 23.0 g, 206.66% 

and 1.19, respectively after 13 second frying. Lowest fried 

weight, oil absorption percentage was found in sample T5 as 

15.0 g and 100.00%, respectively after 22 second frying, 

whereas lowest oil uptake kinetics was found in sample T4 

(0.24) after 33 second frying. The amount of oil on the 

surface of the dish also grows as the oil's viscosity and 

cooking duration do. Consequently, it is made easier for the 

oil to get into the food. (Del Re and Jorge, 2007) [19]. Reduced 

oil temperature lengthened frying times, and identical 

outcomes were seen when potatoes were vacuum-fried. 

(Garayo and Moreira, 2002) [1]. 

 

Table 1: Effect on pretreatment and frying in mustard oil and sunflower oil on oil uptake and oil uptake kinetics of cucumber chips at 180 °C 
 

 Mustard oil Sunflower oil 

Treatments I.W (g) F.W (g) 
Time 

(S) 
Oil absorption (%) Oil uptake kinetic I.W (g) 

F.W 

(g) 

Time 

(S) 
Oil absorption (%) 

Oil uptake 

kinetic 

T1 7.5 25.0 17 233.33 1.03 7.5 23.0 13 206.66 1.19 

T2 7.5 18.5 23 146.66 0.48 7.5 16.5 25 120.00 0.36 

T3 7.5 21.5 22 186.66 0.64 7.5 21.5 20 189.33 0.70 

T4 7.5 21.0 30 180.00 0.45 7.5 15.5 33 106.66 0.24 

T5 7.5 22.0 39 193.33 0.37 7.5 15.0 22 100.00 0.34 

I.W= Initial weight, F.W= Fried weight 
 

The experimental data are presented in Table 2 for the 

percentage of oil absorption in deep-fried oil uptake and the 

oil uptake kinetics of cucumber chips fried in groundnut oil 

and canola oil. The oil uptake changed with respect to 

different pretreatments given to cucumber chips fried in 

groundnut oil. It was found that sample T3 having highest 

fried weight, oil absorption percentage as 22.0 g and 

193.33%, respectively after 23 second frying, whereas highest 

oil uptake kinetics was found in sample T1 (0.89) after 14 

second frying. Lowest fried weight, oil absorption percentage 

was found in sample T2 as 17.0 g and 126.66%, respectively 

after 27 second frying, whereas lowest oil uptake kinetics was 
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found in sample T5 (0.24) after 42 second frying. The oil 

uptake changed with respect to different pretreatments given 

to cucumber chips fried in canola oil. It was found that sample 

T4 having highest fried weight, oil absorption percentage as 

23.00 g and 206.66%, respectively after 37 second frying, 

whereas highest oil uptake kinetics was found in sample T1 

(0.62) after 16 second frying. Lowest fried weight, oil 

absorption percentage was found in sample T3 as 15.5 g and 

106.66%, respectively after 21 second frying, whereas lowest 

oil uptake kinetics was found in sample T5 (0.25) after 44 

second frying. The highest oil absorption percentage was 

found in mustard oil and groundnut oil, with the exception of 

T1 for groundnut oil. Sunflower and canola oils were less 

absorbed by the same cucumber chips when different types of 

treatment and different types of oils were used. Oils with 

larger percentages of saturated fatty acids in their composition 

are thought to absorb oil less readily. (Bordin et al., 2013; 

Freire et al., 2013) [18, 13]. With increased frying time, oil 

deterioration and absorption rises nonlinearly. (Saguy and 

Pintus, 1995) [17]. 

 
Table 2: Effect on pretreatment and frying in groundnut oil and canola oil on oil uptake and oil uptake kinetics of cucumber chips at 180 °C 

 

 Groundnut oil Canola oil 

Treatments I.W (g) F.W (g) 
Time  

(Second) 

Oil absorption 

(%) 

Oil uptake 

kinetic 
I.W (g) 

F.W 

(g) 

Time  

(Second) 
Oil absorption (%) 

Oil uptake 

kinetic 

T1 7.5 20.0 14 166.66 0.89 7.5 17.5 16 133.33 0.62 

T2 7.5 17.0 27 126.66 0.35 7.5 16.0 26 113.33 0.33 

T3 7.5 22.0 23 193.33 0.63 7.5 15.5 21 106.66 0.38 

T4 7.5 20.5 35 173.33 0.37 7.5 23.0 37 206.66 0.42 

T5 7.5 17.5 42 133.33 0.24 7.5 18.5 44 146.66 0.25 

I .W= Initial weight, F.W= Fried weight 

 

Conclusion 

The treatment T1 fried in mustard oil in comparison to 

sunflower oil, groundnut oil, and canola oil was determined to 

have the highest oil absorption percentage and oil uptake 

kinetics. T5 fried in sunflower oil had the lowest oil 

absorption rate among the treatments, whereas T4 fried in 

sunflower oil and T5 fried in groundnut oil had the lowest oil 

uptake kinetics. Cucumber chips in sunflower oil were more 

impacted by CaCl2, which resulted in a decreased oil 

absorption percentage. 
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