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Abstract 

The objectives of this research work was to investigate the effects of polyphenols on biscuits 

extracted from potato peel. Biscuits were prepared according to the formula and polyphenol were 

sprayedat different proportions (0%, 0.5%, 1%, and 1.5%) extracted from the potato peel of 

diamante variety and were evaluated for total polyphenols, moisture, ash and sensory (Colour, 

flavour, texture and Overall Acceptability) characteristics. The moisture content of the sprayed 

biscuits increased, whereas ash content of the biscuits remained in the same range with increase in 

concentration of polyphenols. The sensory results showed that a maximum of 1.5% polyphenols 

can be sprayed to prepare acceptable quality biscuits. These biscuits can be used for anti-cancer 

effects and can be safely stored in polypropylene bags for a longer period without any appreciable 

change in the sensory properties.  
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Introduction   

Potatoes are significant source of natural 

antioxidants and exhibit antioxidant activity 

as demonstrated in recent time by many 

authors. Studies have indicated that these 

phytochemicals have high free-radical 

scavenging activity, which helps to reduce 

the risk of chronic diseases and age-related 

neuronal degeneration Bibliography [1]. 

Potato peel has been proved medicinally 

important as it contains phenolic, 

polyphenolic compound, anthocyanins, non-

anthocyanin flavonoids and glycoalkaloids 

which are health beneficial having 

antioxidental and anti-bacterial properties. 

Many products of industrial importance like 

amylases, citric acid and prebiotics etc., are 

being produced by using potato waste as 

microbial substrate [2]. .  

Conventionally, antioxidants from potato 

peels are extracted using traditional methods 

such as Soxhlet and heat reflux. These 

methods have been associated with longer 

extraction times, high solvent consumption 

and increased risk of degradation of heat-

labile constituents. Bibliography [3] recently 
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evaluated a novel microwave-assisted 

extraction (MAE) process which used 

microwave energy to heat the solvent and the 

sample in order to extract a specific 

compound from the sample into the solvent. 

MAE offers many advantages such as shorter 

extraction times, lower solvent consumption, 

and higher selectivity towards target 

molecules. 

MAE has been used to extract bioactive 

compounds from a wide variety of plants and 

natural residues: secoisolariciresinol 

diglucoside from flaxseeds (Linum 

usitatissimum L.), resveratrol and phenolic 

antioxidants from peanut (Arachis hypogæa 

L.) skin , flavonoids from Chinese herbs, 

solanesol from potato leaves and stems, 

pigments from paprika (Capsicum annuum 

L.), and pectin from apple (Malus domestica) 

pomades . Phenolic compounds with high 

antioxidant activity have been identified in 

several agro-industrial by-products. Winery 

by-products can be used to extract 

anthocyanins and flavonols which have been 

reported to possess antibacterial, anti-

inflammatory, anti-carcinogenic and 

antioxidant activities [4]. 

Keeping in view the importance of 

polyphenoles present research were 

conducted to find out the best combination of 

temperature, solvent type and solvent 

concentration for the maximum extraction of 

polyphenols by using maceration and 

ultrasound technique. To prepare functional 

food (biscuit) containing extracted 

polyphenols from potato peel. 

Material and methods 

Potatoes were washed, dried and peeled first. 

Then the peels were cut into small pieces and 

dried by three different methods i.e. by using 

hot air oven for 24 hours, by microwave oven 

for 5 minutes and by sun drying for 2 days. 

Best results were obtained by microwave 

drying. Then the dried sample were milled 

into fine powder by grinding in Cyclotec 

mill, packed in air-tight polyethylene zip 

bags and stored at refrigerated temperature 

till further analysis. Ultrasonic bath was 

employed for the extraction of polyphenols 

from potato peel powder. Polyphenols were 

then separated from the ethanol solution by 

evaporating the solvent using the rotary 

evaporator. Total phenols were determined 

by the method of [5] with slight modification. 

The extracted polyphenols were mixed in the 

sugar solutions so that their astringent effect 

may be overcome. Biscuits were prepared by 

using sugar, flour, shortening, egg, baking 

powder, milk and baking powder. The 

biscuits were divided into four parts for the 

spray of four different solutions with 

different concentration of polyphenols.  

Preparation of biscuits 

 

 

 

 

 

Determination of moisture 

Moisture content of biscuits sprayed with 

polyphenol solution were determined using 

the standard method [6]. 

 

 

 

Mix sugar and oil (3-5 minutes) 

Add egg, milk & baking powder 

Add flour and mix (5 min.) 

Dough moulding into biscuits 

Bake at 180 °C (15 minutes) 
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Determination of ash 

Ash percent of biscuits sprayed with 

polyphenol solution were determined using 

the standard method [6]. 

Total phenols determination 

Total phenols of biscuits sprayed with 

polyphenol solution were determined by the 

method of [7] with slight modification. 

Sensory evaluation 

Sensory evaluation (Colour, flavour, texture 

and Overall Acceptability) of the biscuits 

sprayed with polyphenol solution was done 

by using a 9 point Hedonic Scale as described 

by [8]. 

 

Results and discussion 

Total phenols of potato peel powder are 

depicted in (Table 1). The biscuits prepared 

by adding different concentrations of 

polyphenols were tested for the total phenols. 

Total phenols were least in the sundried 

sample (9.82 mg gallic acid equivalent /g of 

extract) while they were observed maximum 

in the microwave assisted drying of peel 

powder (12.81 mg gallic acid equivalent /g of 

extract). Hot air dried sample also showed 

better results as compared to sun drying. 

Total phenols calibration curve are shown in 

figure 1.

Table 1. Total phenols of potato peel powder 

Drying Methods Total Phenols (mg Gallic acid equivalent /g of extract) 

Oven Drying (OD) 10.76 ± 0.55 

Sun Drying (SD) 9.82 ± 0.42 

Microwave Drying (MW) 12.81 ± 0.62 

Figure 1. Total phenols calibration curve

The biscuits prepared by adding different 

concentrations of polyphenols were tested for 

the total phenols are mentioned in table 2. 

Total phenols were least in the first treatment 

T0 (7.42mg Gallic acid equivalent/biscuit). 

While T1 has a little bit increased percentage 

which was added with 0.5 grams of 

polyphenols. In T2, which was having 1 g. 

polyphenols, more increased total phenols 

were noted (26.53mg Gallic acid 

equivalent/biscuit). The highest total phenols 

were in T3. Overall increasing trend was 

observed in the total phenols content of the 

biscuits. 
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Total phenols calibration curve are shown in 

(Figure 2).

Table 2. Total phenols of biscuits 

Treatments Total Phenols (mg Gallic acid equivalent/biscuit) 

T0 7.42± 0.17 

T1 16.47± 0.31 

T2 26.53± 0.47 

T3 37.52± 0.51 

T0 = Control biscuits without polyphenols extract 

T1 = Biscuits with 0.5 g. polyphenols 

T2 = Biscuits with 1 g. polyphenols  

T3 = Biscuits with 1.5 g. polyphenols 

Figure 2. Total phenols calibration curve

The biscuits prepared by adding different 

concentrations of polyphenols were tested for 

the moisture content in the oven is depicted 

in Table 3. The moisture was least in the first 

treatment T0(without phenolic extract) in it 

(5.17%) but it was very close to the standard 

biscuit’s moisture. While T1 has a little bit 

increased percentage which was added with 

0.5 grams of polyphenols. In T2, which was 

having 1 g. polyphenols, a sudden increase in 

the moisture was seen (7.15). The highest 

moisture percentage was in T3. An increasing 

trend was seen in the biscuits with the 

increase in the number of polyphenols. [9, 

10] reported the improvement in moisture 

content and nutritional quality of bread and 

cookies with the incorporation of mango 

dietary fiber which contain polyphenols, 

carotenoids and dietary fiber  obtained from 

unripe mango fruit.
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Table 3. Moisture determination 

Analysis T0 T1 T2 T3 

Moisture 5.17±0.18% 5.22 ± 0.18% 7.15 ± 0.20% 7.74 ± 0.21% 

T0 = Control biscuits without polyphenols extract 

T1 = Biscuits with 0.5 g. polyphenols 

T2 = Biscuits with 1 g. polyphenols  

T3 = Biscuits with 1.5 g. polyphenols 

The ash contents were determined to check 

the total mineral contents in all the four 

treatments of biscuits are shown in Table 4. 

Mineral percentage of all treatments was very 

less. The highest percentage was observed in 

T3 (0.35%) while the lowest was seen in T1 

(0.30%).However, there was no increasing or 

decreasing trend in the four treatments with 

the increase in polyphenols concentration. 

All the four treatments had an average of 

0.30% ash with the increase of very minute 

quantity. Ash was noted within the range of 

0.30 to 0.35 for all. Treatments have non-

significant effect on ash content. [11] 

reported that mango peel is rich in soluble 

dietary fiber (pectin) and have no effect on 

ash content. 

 

Table 4. Ash determination 

Analysis T0 T1 T2 T3 

Ash 0.32 ± 0.03% 0.30 ± 0.03% 0.33 ± 0.05% 0.35 ± 0.04 % 

T0 = Control biscuits without polyphenols extract 

T1 = Biscuits with 0.5 g. polyphenols 

T2 = Biscuits with 1 g. polyphenols  

T3 = Biscuits with 1.5 g. polyphenols 

 

Sensory evaluation of biscuits 

Biscuits were analyzed for sensory 

evaluation is depicted in Table 5. The biscuits 

prepared by the addition of different 

concentrations of polyphenols as well as 

controlled were presented to the panel of 

judges to offer score of the product according 

to their liking preference using 9-point 

hedonic scale [12]. All the four treatments 

were within good acceptability range. 

However, the color of the biscuits with the 

highest concentration of polyphenols 

achieved highest score (7.52) of T3. 

However, all the other treatments T0, T1 and 

T2 got 6.73, 6.67, 6.81 score respectively. 

The taste of treatments T2 got 6.73 andT3got 

6.95 score which was highest among the four 

treatments. While that of T1 also got the same 

score as T2 got (6.73). However, the lowest 

ranking on the hedonic scale (6.51) on taste 

was noted for T0 (controlled). [13, 14] 

observed that the biscuits which are rich in 

polyphenols, these are substrates for the 

enzymes. Therefore, yellowness of the 

biscuits may be decreased due to the 

enzymatic browning. 

The texture of biscuits achieved highest score 

(6.86) when it was prepared by adding the 

highest polyphenol concentration (T3), 

followed by the biscuits prepared by adding 

zero percent polyphenols (T0). However, the 

lowest ranking on the hedonic scale (6.51) for 

texture was noted for the biscuits of treatment 

T1. These results were similar with the 

finding of [15], who also observed that the 

texture was improved with the increase of 

polyphenol. 
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Table 5. Sensory evaluation of biscuits 

Parameter T0 T1 T2 T3 

Color 6.73 

± 0.19 

6.67 

± 0.16 

6.81 

± 0.14 

7.52 

± 0.22 

Taste 6.51 

± 0.16 

6.73 

± 0.19 

6.95 

± 0.09 

6.81 

± 0.08 

Texture 6.67 

± 0.08 

6.51 

± 0.16 

6.57 

± 0.08 

6.86 

± 0.19 

Flavor 6.81 

± 0.16 

7.00 

± 0.14 

7.00 

± 0.28 

7.43 

± 0.14 

Overall Acceptability 6.67 

± 0.16 

6.72 

± 0.19 

6.83 

± 0.22 

7.14 

± 0.14 

T0 = Control biscuits without polyphenols extract 

T1 = Biscuits with 0.5 g. polyphenols 

T2 = Biscuits with 1 g. polyphenols  

T3 = Biscuits with 1.5 g. polyphenols 

 

The flavor of all the samples got higher 

ranking as compared to all the other 

parameters of biscuits. The highest score 

(7.43) was achieved by T3 which was 

prepared by adding highest polyphenol 

concentration, followed by the biscuits of 

treatments T1 and T2 which got the similar 

score (7.00) on the hedonic scale for flavor. 

However, the lowest ranking on the hedonic 

scale (6.81) for flavor was noted for the 

biscuits of T0 i.e. without any polyphenols 

spray. [16, 17] reported that polyphenols 

factors influencing the flavour and other 

sensory properties and their effects on food 

and beverage preferences. 

The judges were asked to rate the overall 

acceptability of the final product on the basis 

of 9-point hedonic scale. The overall 

acceptability of the biscuits rated first with 

the maximum score of 7.14 which was 

prepared from highest polyphenol 

concentration (1.5 g.) for the treatment T3, 

followed by the biscuits of the treatment T2 

with score of 6.83. However, the least 

ranking on hedonic scale (6.67) was noted for 

the biscuits with no polyphenols i.e. T0. a 

trend was noted in the overall acceptability of 

biscuits. The acceptability increased with the 

increase in polyphenols quantity.  

Conclusions  

Consequently, all of the samples prepared 

with the spray of different concentration of 

polyphenols acquired good sensory 

acceptability. However, T3 was highly liked 

with respect to flavor as well as all other 

sensory properties. Moreover, polyphenols 

extracted by microwave assisted drying and 

ultrasonic bath resulted into maximum total 

phenol. So it is concluded that the biscuits 

with 1.5 gram polyphenol concentration are 

highly acceptable with no bitterness or 

astringent effect of polyphenols, rather it 

improved the flavor of biscuits. Hence, they 

are highly recommended for the people 

having risks of cancers instead of synthetic 

polyphenol intake, it will provide them the 

biscuits with an improved flavor with the 

medicinal value of anti-cancer effects. Potato 

peel is considered as waste and it is 

everywhere. So it is the cheapest source of 

getting polyphenols. 
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