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 The effect of addition of different phenolic compounds including tannic acid, green tea 

extract containing 40% EGCG (epigallocatechin gallate) and onion extract including 

20% quercetin, to batter formulations on the properties of deep-fat fried potato strips 

were evaluated. In the beginning, coating pick up of batter formulations were done 

before deep fat frying. Then, moisture content of samples after frying was found. Finally, 

the oil content of samples was determined after the frying process and drying. The deep 

fat frying was processed at 180°C. Green tea extract, and onion extract had no significant 

influence on moisture content in potato strips. On the contrary, the battered potato strips 

containing tannic acid had the lowest moisture content and differed significantly from 

the control. The lowest oil absorption was found in tannic acid batter coated potato 

strips, and the greatest in green tea extract batter coated potato strips but there was no 

significant different. Using the phenolic compounds in batter did not significantly 

(p>0.05) affect the coating pickup. The best result was obtained for the tannic acid batter 

because it had the highest batter pick up 46 % and the lowest oil absorbed by 36% 

compared to the other samples. 
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INTRODUCTION 

      Fried foods are a major part of diets around the world. Deep fat frying is an old food processing method, 

which is still popular today. Therefore, it can improve properties of food for example; it can change our 

sensory evaluation of food products. In the deep fat frying process, various changes happen. For instance, 

water content in a food product becomes evaporated, change in protein structure occurs by protein 

denaturation and starch gelatinization [1]. Most of the fried foods have a high oil content that is nearly 1/3 

the weight of the product [2]. High fat diets are associated with many types of diseases such as obesity, 

diabetes and heart diseases. Therefore, people's demand for reducing oil in fried food is increasing. There are 

many techniques used to reduce the fat in fried foods. Using a fat re- placer is one of the techniques, as an 

increased use of a fat re- placer leads to reduced fat in the fried foods. However, using fat replacers may have 

an effect on some properties of food products such as texture and flavour. Furthermore, there are many 

different types of fat re- placer, but the main groups are carbohydrate-based- hydrocolloids, protein-based 

and fat-based [3]. In addition, batter is a regular layer that is applied before the frying process. It can promote 

food properties, which include texture, flavour and appearance. According to Chen (2009) [4] and Salvador 

(2005) [5] the characterization of food products can be provided by batter systems. Battered food is more 

tender and juicy than other foods because the batter formulation covers food properly. There are many 

factors to affect the properties of batter such as, the ingredients in the batter, the temperature and duration of 
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the frying process and the method of heating. Some ingredients are commonly used in the batter formulation 

such us wheat flour, leavening agent, salt and water. Batter consistency plays an important role on the 

performance of food products during frying. In particular, the properties of batter impact on coating pick up 

and quality of the food. Therefore, it is important to understand the interaction between flours, and other 

ingredients in batter systems during processing and relate these interactions to the functionalities. They might 

be important to the quality and sensory properties of fried food products. Another main important role of 

using batter to cover food is to decrease the amount of oil uptake during deep fat frying. Several studies have 

shown that some ingredients added to batter help to reduce oil uptake [6], [7], [8], [9], [10], [11] and [12]. 

Phenolic compounds are one of the types of additive that may be added to a batter system. In this situation, 

garlic extract, quercetin and an apple phenolic extract added to batter [7] and [13], the most important reason 

to use the phenolic compounds is in a variety of beneficial properties for human health. In recent years, 

consumers are demanding fast food with a high nutritional value whilst simultaneously hoping to reduce 

health risks. In fact, phenolic compounds have a high nutritional value. In particular, the addition of tannic 

acid, green tea rich polyphenol extract and onion extract to batter systems may lead to increasing the 

nutritional value of the potato strips, also reduce the oxidation of oil. Another main importance of adding 

phenolic compounds to batter is in reducing oil oxidation by degradation itself. Lipid deterioration and oil 

oxidation happen during the frying process, this can lead to increased health problems in many diseases. 

Sun-Waterhouse (2012) [13] found that the addition of phenolic antioxidants to the food product can reduce 

or prevent the deterioration of oil and lipid rancidity. Furthermore, the shelf life of a food product can be 

influenced by lipid oxidation [14]. The aim of this study was to test the effects of the addition of different 

types of phenolic compounds to a batter formulation that was composed of flour, salt and a leavening agent. 

The phenolic compounds studied were tannic acid; onion extract containing 20% quercetin and a green tea 

rich polyphenol extract (40% EGCG). The objectives of the present study were to determine the impact of 

these three phenolic compounds on the coating pickup to potato strips, and oil uptake during deep-fat frying 

and moisture content of wheat flour based fried batter in the potato strips. 

Materials And Methods 

A. Materials  
Potatoes (Solanum tuberosum L. cv. Maris Piper) were bought from Asda supermarket, Reading/ UK. Most 

of the time, they were used on the day of purchase for the experiments. Otherwise they were used within a 24 

hours period and kept in refrigerated storage at 4-8 °C. Wheat flour (White plain flour) bought from a local 

market, which contained protein 10.3%, Carbohydrates 70.6%, Fat 1.3% of which saturated 0.2%, Fiber 

3.1% and sodium trace equivalent of salt 0.1%. Salt (Saxa,UK) was purchased from a local market in 

Reading. The leavening agent, consisting of disodium diphosphate (Na2H2P2O7), sodium hydrogen 

carbonates (NaHCO3) and Maize starch was also produced in the UK. Sunflower oil was used for the frying 

process and this was also bought from Asda, Reading. Petroleum ether (Fisher chemical, 40- 60 °C, Lot: 

1345007) was used as the main solvent in the Soxhlet extraction. The three types of a phenolic compound 

used, Tannic acid (S.L.R. C76H52O46, Mol. Wt.1701.22), Onion extract (20% Quercetin) and green tea rich 

polyphenol extract containing 40% EGCG (epigallocatechin gallate) were donated by the Food and 

Nutritional Sciences department of the University of Reading.  

B. Preparation of batter  
The batter was composed of wheat flour, leavening agent and tap water by 1:1.5 weight of ingredients / 

weight of water [15]. Besides this, samples were prepared by adding the different phenolic compounds 

(Table: 1). Samples were prepared individually and mixed manually until all compounds were thoroughly 

blended without any aggregation. 
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Table1. Formulations for batter system 

Formulations (g) 

   Ingredients               1          2           3      Control  

Wheat flour                  86.9      86.9      86.9      91.9 

Salt                                 5           5           5           5 

Leavening agent           3.1        3.1         3.1       3.1 

Tannic acid                    5           -             -           - 

Onion extract                 -           5             -           - 

Green tea extract            -           -             5           - 

  

 
C. Potato preparation  

Potato was used as a modal food in this study [9], [12] and [13]. They were washed, peeled and cut 

manually. The potatoes were cut into strips (7×7 length, 5 width mm <cutting size>) [9] and then weighed 

individually before use in the experiments.  

2.4. Batter pickup  
According to Varela and Fiszman (2011) [16], ‘batter pickup’ is defined as the quantity of batter that adheres 

to the modal food. To measure batter pick up here, the uncoated potato strip was weighed, then it was 

immersed in batter for 10 seconds and weighed again [17]. The batter pick up was determined as follows: 

Batter	pickup	�%� =
����ℎ�	��	������	������ − ����ℎ�	��	��������	������	

����ℎ�	��	��������	������
�100 

D. Frying process  
The potato strips were fried using sunflower oil whose composition was 92% lipids, of which 11% was 

saturated, 20% monounsaturated, and 61% poly unsaturated fatty acids. The potato strips were fried in a 

batch system of four pieces fried in the same pan at a time. After frying each batch, the level of oil in the pan 

was checked for any decrease in volume. In a pan, the quantity of oil was much higher than the potato strips 

by 1:6 (potato strip: oil) [12]. The temperature was controlled at 180°C and the time of frying for all potato 

strips between 2-5 minutes depending on the variety of batter formations and the amount of batter adhesion 

to the potato strips [9] and [12], there being differences of heat transfer between batter formulations. After 

frying each four pieces of potato strips, the oil was changed. Therefore, keeping optimum cleanliness and 

preventing interference between potato strips coated with different batter formulations. 

E. Moisture content analysis 
Moisture or water content on all samples was found by using an oven drying process at 105°C until the 

samples reached a constant weight [18]. The moisture content was calculated by using the following 

equation: 

Moisture	�%� =
%�����&	����ℎ�	��	'�(�&� − ����&	����ℎ�	��	'�(�&�		

%�����&	����ℎ�	��	'�(�&�
�100 

F. Fat Content analysis 

Soxhlet extraction was used to determine the oil content in the dried sample after processing [1], [5], [7], [8], 

[9], [12] and [16]. The technique needs a thimble paper of 24cm which is weighed before the potato strips 

are placed on it, and then put into a porous container. After reaching a temperature of more than 60°C, 

Petroleum ether starts boiling. The Petroleum ether vapour was cooled by condenser. This extraction 

technique takes six hours. The solvent was evaporated after oil extraction by using Rotavapor (BUCHI R110, 

UK).  The oil content was calculated using the following equation:                                                                      

Oil	content	�%� =
����ℎ�	��	�,�-�����	��&		

����ℎ�	��	'�(�&�
�100 
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Statistical analysis  
The experimental results recorded were means with standard deviation (SD). A comparisons between means 

were found in experiments assessed by t-test (p < 0.05) in Microsoft excel. The T- Test was performed to 

determine the difference among means in moisture content, oil content and batter coating pickup of deep fat 

fried potato strips coated with batters of different formulations. Tests of significant differences were 

determined by t- test in range tests at p < 0.05. 

 

Results And Discussion   
Effect of the phenolic compounds on batter pickup  
The effect of the addition of phenolic compounds on the batter pick-up of potato strips is presented in Figure 

1. The value of batter coated uptake of tannic acid, green tea extract, onion extract and control were  46 %, 

22 %, 19 %, 21%) respectively. The tannic acid added batter had the highest value of batter pickup. It can be 

said that the increasing in the viscosity causes increasing of batter pickup. Therefore, batter coating up and 

viscosity have a direct correlation [7]. The addition of phenolic compounds leads to increase the batter 

coating pickup value (Figure: 1) compared to controls except onion extract (20% Quercetin), which was the 

lowest value of all but it was significant. In contrast, not significant differences were detected between 

controls and phenolic compounds added batter formulations. Although, the value of batter pick up of the 

onion extract (20% Quercetin) was slightly smaller than controls samples, the viscosity of it was still higher 

than the control. 

 

 

 

Figur-1: Impacts of the phenolic compounds on batter pick up of fried potato strips.                                                          

Oil uptake  
The impact of adding tannic acid, onion extract and green tea extract on batter formulations on the oil uptake 

of the potato strips during frying was investigated (Figure: 2). The results shows that the batter containing 

green tea extract (40% EGCG) had the highest value of oil uptake during frying 50% that was higher than 

control batter samples by  3% but it did not significant different from control. With reference to Schwarz 

(2001) [20] green tea extract has a high antioxidant activity, but it does not make a difference of oil uptake 

so, in this study that was absorbed a high amount of oil during frying. It would result in hydrophobic 

characterisation in green tea extract. Therefore, increasing oil absorption would be due to increasing 

hydrophobic characterisation on the surface [11]. On the other hand, batter with tannic acid absorbed less oil 

than the other batter 36 % but there was no lower significantly than other batter. Rose (2013) [21] found that 

flour containing tannins decreased oil absorption during fried process. In addition, the ability of tannic acid 

to absorbed less oil than other might be referring to a hydrophilic character on tannic acid [21]. Tannic acid 
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has a hydrophilic character, this helps to increase the ability to bind water in batter and absorbed less oil. 

Possibly, the ability of proteins to absorb oil is reduced due to the relationship between tannins and protein 

[21].Priya (1996) [11] reported that between oil and water if a surface tension decreased, it can result in 

increased oil absorption. In other words, the increasing of oil uptake on green tea extract batter would result 

in reducing a surface tension between oil and water. However, this was not significantly different from the 

control batter. The reduction of oil uptake in the case of tannic acid may be related to these viscosity-

building effects. The highest oil content was observed when green tea extract was added to the batter 

formulation as compared with the control and other phenolic compound added batters [1]. This might be due 

to its high moisture content, which could not provide an efficient barrier for oil uptake. 

 
Figur-2: Effects of added polyphenols on oil content of deep fat fried battered dried potato strips.                                  

 

Although, tannic acid had a highest value of batter pick up compared to the other phenolic compounds added 

to the batter formulation, the tannic acid batter had the lowest level of oil content than the other samples that 

added onion extract and green tea extract. This means the tannic acid added batter decreased oil absorption 

compared with other phenolic compounds added to batter formulation. In this study, whole grain flour used 

to preparation the different batter formulation. The flour contained 10.3% protein. In fact, protein raises the 

absorption of oil. Nevertheless, tannic acid has a strong connection to bind the portion. Reducing oil 

absorption in tannic acid added batter due to the ability of tannin to binding the protein [21]. The statistical 

result showed that the batter containing phenolic compounds was not significantly different from control.  

Moisture content  
In the present study, water content in a different batter showed different characteristics depending on the type 

of phenolic compounds added to the batter formulation. The amount of moisture content has many influences 

on batter coating and oil content. Moreover, that is not only effect for those because of the moisture content 

have impact on the appearance and texture of food production [22]. With reference to Akdeniz (2006) [7], 

Moisture loss and oil uptake had a reverse relationship. It means losing a high amount of water during deep 

fat frying process leads to more oil absorption of the food product. This means the high amount of moisture 

content may cause reduced oil absorption during deep fat frying process. The effect on different phenolic 

compounds added to batter on moisture content was found and is shown in figure 3. The moisture content on 

batter including green tea extract (40% EGCG) was the highest value 62 %, followed control, onion extract 

(20% Quercetin) batter, and tannic acid batter values 60%, 59 %, 52 %  respectively. However, the moisture 

content on batter with added onion extract and green tea extract was not significantly different from control 

but the moisture content in tannic acid added batter was significantly lower than the control. Rimac-Brncic 

(2004) [12] reported that some additive to a batter system may alter the capacity of water holding, it will 

have influence of absorbed oil. The ability of holding water capacity leads to retention of water in the food 
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product and then causes by preventing of losing water and it is altered by oil. Even though, green tea extract 

added batter increased oil absorption during deep fat frying, it had the highest value of moisture content. 

Moreover, moisture content of tannic acid and onion extract were lower than control. These did not ability to 

retention water during deep fat frying. Consequence, the green tea rich polyphenol (40% EGCG) added 

batter absorbed oil more than onion extracted (20% Quercetin) and tannic added batter.  

 

 
Figure-3: Effects of the different polyphenols on moisture content of deep fat fried battered potato strips.  

 

The green tea rich polyphenol extract (40% EGCG) added to batter had the highest moisture content, but it 

showed an increase in a high amount of oil during frying process (Figure.3). As mentioned above, batter with 

added tannic acid had the highest highest value of batter pick up, the lowest amount of oil uptake would be 

the result the main tannic acid that is the tannin protein interaction. Due to the relationship the tannins has 

ability to binding proteins because some tannins display a strong affinity for protein [23]. Therefore, wheat 

flour is rich in protein with the affinity of tannins can inhibit oil absorption [21]. According to Frazier (2013) 

[23], the affinities of tannins to bind the protein has several implications important in human health. For 

instance that binding is important to protect low- density lipoproteins (LDLs). Furthermore, it had been 

reported by Arts (2002) [24], the linking between tannins and proteins has impact on the total antioxidants 

capacity. 

Conclusion  
Adding different phenolic compounds to batter formulation were influential on properties, coating pickup, oil 

absorption during deep fat frying, and moisture content. However, onion extract reduced batter coating but 

not significantly different. Tannic acids lose more water during deep fat frying compared to the other 

samples and significantly different from control. Nevertheless, the lowest oil uptake was found in tannic acid 

added batter, as would be an expected result between the protein relationships in tannins. On the contrary, oil 

uptake batter formulations with added phenolic compounds, not significant different. So, phenolic 

compounds can be recommended to be used in batter formulation for foods especially potato strips. In 

particular, tannic acid can be selected the best one compared with green tea and onion extract to add to 

batter. Therefore, it can produce a healthier potato by the protein interaction phenomenon and absorb less oil 

than other. 
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