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potato granules, phytochemicals, 
and thermal properties of colored 
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Introduction: Colored potatoes comprise many bioactive compounds that 
potentially support human health. Polyphenols present in them have associated 
therapeutic benefits like antimutagenic and anticarcinogenic properties.

Method: The current study aimed to explore the effects of different blanching 
methods (steam blanching, hot water blanching, and microwave-assisted 
blanching) on the phytochemical and structural aspects of PP-1901 and Lady 
Rosetta (LR) potato varieties. Changes in the antioxidant activity, color, total 
ascorbic acid, phenolic, and flavonoid content were based on the variations in 
parameters including temperature (blanching using hot water and steam) and 
capacity 100– 900 W (blanching using microwave).

Results: For both PP-1901 and LR varieties, all the blanching methods led to 
a significant reduction in residual peroxidase activity, as well as affecting their 
color. The preservation of bioactive substances exhibited a microwave steam>hot 
water blanching trend. Blanching significantly increased the antioxidant activity 
of all the samples. Additionally, Fourier-transform infrared spectroscopy revealed 
that phytocompounds were retained to their maximum in microwave-blanched 
samples, especially at 300 W. The type of blanching method significantly affected 
the thermal properties of potatoes by disrupting the ordered structure of the matrix.

Discussion: Microwaves at 300 W can be used as a novel and suitable alternative 
technique for blanching potatoes, which successfully retained the original quality 
of it in comparison to steam and hot water blanching.
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1. Introduction

Potatoes are the fourth most important crop for human consumption on a global scale after 
maize, rice, and wheat (1). Potatoes are rich sources of micronutrients like vitamin B1 (106 mg/g), 
vitamin B3 (400mg/g), vitamin C (130 mg/g), and iron (0.31 mg/g), as well as minerals like 
potassium (379 mg/g), phosphorus (44 mg/g), calcium (5 mg/g), and magnesium on a dry basis. 
They also contain niacin, folate, and riboflavin, as well as various phenolic compounds which 
increase the antioxidant capacity of potatoes (2, 3). Potato polyphenols have therapeutic effects 
associated with them such as anticarcinogenic and antimutagenic activities (4). Colored potatoes 
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have up to eight times higher antioxidant potential compared with 
their white or yellow counterparts (5). Research has found that colored 
potatoes are a healthier choice for consumers as they possess greater 
levels of bioactive compounds and anticancer properties even after 
processing them into valorized products (6). Before processing, 
potatoes are usually subjected to numerous pretreatments, among 
which blanching is one of the most important techniques (7). 
Blanching is an essential pretreatment for potato processing before 
frying, freezing, drying, and storing. The purpose of this is to prevent 
enzymatic browning by inactivating polyphenol oxidase, promoting a 
uniform color after frying, limiting oil absorption, and improving 
texture (8). Common techniques for blanching that have previously 
been applied to process vegetables include hot water blanching (WB), 
microwave blanching (MB), and steam blanching (SB). One of the 
oldest pretreatment techniques in potato processing is WB (65–85°C), 
which causes enzyme denaturation, reduces toxin production, and 
removes air from the tissue, as well as causes hydrolysis and 
solubilization of protopectin and gelatinization of starch granules (9). 
Challenges associated with water blanching include the consumption 
of large water volumes and the loss of nutrients. As exemplified in a 
study conducted by Ahmed et  al. (10), the WB and SB of white 
cauliflower significantly reduced the phenolics (37.69% loss) and 
flavonoid content (43.42% loss) due to the breakdown of phenolics or 
losses (leached out) during cooking. Most of the bioactive compounds 
are relatively unstable to heat and get easily solubilized. Additionally, 
investigations revealed that SB required more energy (53.93 kJ mol−1) 
than hot-water treatment (41.41 kJ mol−1) to reach the transition state 
and then to unfold the polyphenol oxidase enzyme (11). To counter 
the problems associated with conventional blanching techniques, in 
recent years, there has been a significant increase in the use of 
microwave blanching in the field of food processing (10). It has several 
important benefits, including uniform treatment, improved 
penetrating power, and reduced nutritional losses. The concentration 
of phenols, the reduction in the number of microorganisms, and the 
antioxidant activity in vegetables have all been observed to be greatly 
increased by microwave blanching (12–14). Also, these different 
pretreatment methods could markedly reduce the amount of sugar, 
asparagine, and acrylamide in potato products (9). Though the effect 
of different blanching techniques has been explored earlier (2, 8, 15–
18), the current study in a way is an extension of previous studies 
which aims to comparatively evaluate the effect of WB, SB, and MB on 
the structural and phytochemical compositions of colored potatoes in 
order to explore the most suitable method and to accomplish 
minimum losses. Efforts were made to investigate the effect of 
blanching techniques on the thermal and bioactive properties of 
potatoes. The current study will provide highly relevant information 
to food researchers and manufacturers so they can adopt a suitable 
blanching method as a pretreatment for different potato varieties.

2. Materials and methods

2.1. Materials and sample preparation

Potato varieties (purple potato variety) (Dry matter-18.30 ± 0.06%/
Starch-13.20 ± 0.12%dry wt. basis) and Lady Rosetta (LR) (Dry matter-
24.00 ± 0.12%/Starch-16.23 ± 0.16% dry wt. basis) were procured from 
the Department of Vegetable Science, Punjab Agricultural University, 

India. Potato tubers were sliced using stainless steel knife (thicknesses 
of slice6 ± 0.27 mm and diameter of 25 ± 0.52 mm). A vernier caliper 
was used to ascertain that the thickness of the slices remained within 
this range. After slicing they were blanched immediately to avoid 
enzymatic browning.

2.2. Blanching operations

Potato slices were subjected to WB (85°C for 5 min) as per the 
method adopted by Zhang et al. (18) and were then immediately cooled 
for 2 min by dipping them in cold water. Moisture on the surface was 
removed with the help of a paper towel. For SB, the slices were uniformly 
distributed in metal baskets and placed in an autoclave and steamed at 
100°C for 5 min. MB was carried out as per the method used by Severini 
et al. (19), with some modifications. Potato slices were blanched in a 
microwave oven (Samsung, mc28h5025vr/tl, Malaysia) at the power 
level of 100, 300, and 900 W for 5 min and samples were coded as MB100, 
MB300, and MB900, respectively. Blanched samples were immediately 
dipped in water (20°C) to avoid over-cooking. Unblanched potato slices 
were taken as a control for both varieties, i.e., PP-1901 and LR.

2.3. Chemicals

2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2′- azino-bis 
(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS), 6-hydroxy-2,5,7,8-
tetramethyl chroman-2-carboxylic acid (Trolox), Folin–Ciocalteu 
reagent, gallic acid, sodium carbonate, aluminum chloride, potassium 
acetate, quercetin, acetic acid, hexane, metaphosphoric acid, and 
2,6-dichlorophenol indophenol sodium salt (all chemicals of AR 
grade) were procured from Sisco Research Laboratories Pvt. Ltd. 
(SRL), Mumbai, India. Throughout the experiment, deionized water 
that had been filtered through a 0.22 μm filter was used.

2.4. Physicochemical analysis

2.4.1. Moisture content and color analysis
For estimating moisture content, the standard hot air oven 

(Navyug Udyog, NU-101, India) method was used. Samples were 
placed inside the oven at 105°C for 24 h (20). Equation 1 was used to 
compute the moisture content (%):

 
Moisture content

Initial weight Final weight

weight of s
%( ) = −

aample
×100

  
(1)

Color parameters of potato samples were assessed using a 
handheld hunter lab colorimeter (MINOLTA, CM-508d, Japan) as per 
the method described by Aggarwal et  al. (21). The samples were 
scanned in three distinct locations, and the results were presented as 
average of three repeat measurements. The browning index (22) of 
samples was calculated using the below-given equations.

 
BI

x
=

−( )100 0 31

0 17

.
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(3)

L*, a*, and b* represents lightness-darkness, redness-greenness, 
and yellowness-blueness.

2.4.2. Qualitative and quantitative analysis of 
peroxidase test

Qualitative and quantitative peroxidase (POD) tests were 
performed for all the samples, as per the method adopted by Liburdi 
et al. (23), with slight modifications. For qualitative analysis, 1 g of 
potato sample in 3 ml of deionized water was crushed using a motor 
pestle, followed by filtration using Whatman filter paper No.4. 
Sample extract (1 ml) was then mixed with 1 ml of H2O2 (0.3%) and 
0.5 ml of guaiacol solution (1%in absolute ethanol v/v). The solution 
was observed for any color development. The appearance of red 
color confirmed the presence of POD enzyme activity. For 
quantitative estimation, 5 g of potato slices were crushed in 
phosphate buffer (pH 7.8) containing 1% (w/v) polyvinyl/
pyrrolidone. The crushed sample was cold centrifuged (Remi R-8C, 
India) at 4°C for 3,000 × g for 10 min. The supernatant (crude 
enzyme extract) obtained was used for the POD assay. In a final 
volume of 3.0 ml, the test mixture contained 50 mmol L−1 sodium 
phosphate buffer (pH 7.0), 12 mmol L−1 H2O2, 7 mmol L−1 guaiacol, 
and 0.1 ml of enzyme extract. UV Visible spectrophotometer 
(LABINDIA UV 3000, India) was used to record the increase in 
absorbance at 470 nm for 3 min. A change of absorbance from the 
initial reading to the final reading was taken as residual POD 
activity (Eq. 4).

 
Residual POD activity

Initial absorbance

Final absorbance
%( ) = ×1100

  
(4)

2.5. Phytochemical analysis

2.5.1. Extraction of bioactive compounds
The extraction method was adopted from the study by Wu et al. 

(24), with some modifications. In this method, 1 g of the sample was 
refluxed twice for 2 h with 80% methanol (w/v). All the samples were 
cooled to room temperature (24°C) before being filtered using 
Whatman filter paper No. 4 after extraction. The filtrate was diluted to 
a final volume of 100 ml with 80% methanol.

2.5.2. Total phenolic and total flavonoid content
Total phenolic content (TPC) and total flavonoid content (TFC) 

were estimated as per the methods given by Fattahi et al. (25), with 
slight modifications. Using the Folin ciocalteau (FC) reagent, TPC in 
the samples was evaluated spectrophotometrically using a UV Visible 
spectrophotometer at 750 nm, and results were calculated using the 
Gallic acid equivalents (mg GAE/100 g of dry weight). Whereas TFC 
was determined by the aluminum chloride method and was calculated 
by comparing it to a quercetin calibration curve, and the results were 
expressed in mg of quercetin equivalent (mg QE/100 g).

2.5.3. Ascorbic acid and total anthocyanins 
content

The titrimetric method was used to measure ascorbic acid content 
using 2,6-dichlorophenol indophenol dye (0.04% w/v) and results 
were expressed in mg/100 g (20). Anthocyanins were estimated in 
potato samples using the pH differential method as described by 
Albishi et al. (26). A measurement of 0.5 ml of extract was diluted with 
2.5 ml of 0.4 M sodium acetate buffer (pH 4.5) and 2.5 ml of 0.025 M 
potassium chloride buffer (pH 1.0), separately. Taking distilled water 
as blank, the absorbance of diluted samples was noted after 15 min at 
520 and 700 nm, respectively. Anthocyanin content (mg/100 g of dry 
matter) was measured using the below-given equation.

 
Anthocyanin content A DF MW

W
 =

× ×
× ε   

(5)

Where A is absorbance (A520nm–A700nm) (pH 1.0)–(A520nm–A700nm) 
(pH 4.5), DF is dilution factor, MW is the molecular weight of 
cyanidin-3-glucoside (449.2), W is the weight of the sample (g), and 
Ɛ is molar absorptivity (26,900).

2.5.4. Total antioxidant activity
For the determination of antioxidant activity, DPPH radical 

scavenging activity (mg TE/100 g DW), ABTS radical scavenging 
activity (μg TE/g DW), and Ferric reducing antioxidant powers 
(FRAP) (mg FeSO4/100 g DW) were estimated as per the methods 
explained by Huang et  al. (27), and the absorbance values were 
measured at 517, 734, and 593 nm, respectively. For reducing power 
assay (RPA) (mg AAE/100 g), metal chelating activity (MCA) (μmol 
EDTA/100 g) and hydroxyl radical scavenging activity (HRSA) 
(%inhibition) methods described by Asirvatham and Akhil (28) were 
used and absorbance was measured at 700, 562, and 532 nm. % 
Inhibition in the case of HRSA was calculated using below 
given equation.

 
%Inhibition A A

A
C S

C
=

−
×100

  
(6)

Where As and Ac depicts the absorbance of the sample and control, 
respectively.

2.6. Structural characterization

2.6.1. Fourier transform infrared spectroscopy
Infrared spectra of blanched samples were recorded on an FTIR 

spectrophotometer (Agilent Cary 630 FTIR, Canada) (29). Directly 
following the background scan, blanched samples were placed on 
the diamond-attenuated total reflectance crystal. The sample was 
taken in such a quantity (10 mg) that it fully covered the crystal. 
After each sample analysis, the ATR crystal was carefully cleaned 
with isopropyl alcohol and dried with a soft tissue to remove any 
leftovers from the last sample. A total of 24 scans were conducted 
on each sample for the analysis, which was done in the 4,000–
400 cm−1 range.
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2.6.2. Scanning electron microscopy analysis
A scanning electron microscope (JSM 6610-LV, JEOL, Japan, 

working at 5 kV) was used to morphologically analyze the control and 
MB300 at magnifications ranging from ×100 to ×5,000. The sample was 
mounted on an aluminum stub using double-backed cellophane tape 
after being coated with gold–palladium (60:40 w/w) in an auto fine 
coater, JEOL JFC-1600.

2.7. Texture profile analysis

A texture analyzer (LLOYD texture instrument LR 5 K, England) 
outfitted with a 50 kg load cell was used to determine the texture of 
fresh and treated potato cuboids. Samples were compressed to 50% 
(3 mm compression) of their original height (6 mm thickness), with a 
5 s interval between compressions. The properties of hardness, 
springiness, cohesiveness, fracturability, and chewiness were measured 
for samples (21).

2.8. Thermal analysis

The differences in the thermal characteristics of the potato 
samples after each blanching treatment were examined using a 
differential scanning calorimeter (DSC) as mentioned in a study 
conducted by Zhang et al. (30), with slight modifications. A sealed 
crucible containing 10 mg of the material was placed within a DSC 
(DSC 200, NETZSCH, Germany), with a nitrogen purge flow of 
20 mL/min. The crucible was heated inside the chamber at a rate of 
10°C/min, with a temperature range of 25–120°C. To assess the potato 
starch’s thermal characteristics, the gelatinization enthalpy (H, 
expressed in J/g of dry matter), peak temperature (Tp), onset 
temperature (To), and conclusion temperature (Tc) were calculated 
using a thermogram.

2.9. Statistical analysis

Experiments were replicated thrice for all the samples and the 
values were reported as mean ± standard deviation. Obtained results 
were statistically analyzed using Minitab 18.1 software and were 
subjected to two-way ANOVA (p < 0.05% significance level). To 
determine mean differences, the Tukey post hoc test was used. Points 
of FTIR were plotted using Origin Pro 2021 (version 9.8.0.200, 
OriginLab Corporation, USA).

3. Results and discussion

3.1. Impact of blanching on moisture 
content and color

Food quality, preservation, and resistance to degradation are all 
impacted by moisture content (31). The moisture content of all the 
potato samples was found to be approximately 74–76% (wet basis), 
with no significant difference in values (Table 1), indicating that 
there is no effect of blanching on moisture. PP-1901 is a 

purple-colored potato variety containing anthocyanins (32), which 
are a group of naturally occurring phenolic compounds imparting 
color (33). In comparison to the control sample, the lightness of the 
purple potato significantly increased after blanching which might 
have happened due to the breakdown of anthocyanins at higher 
temperatures. A major increase in lightness was seen in the case of 
MB900 (67.01) as compared to the control (36.01), denoting a higher 
amount of anthocyanin disruption which is also confirmed in 
further sections. These results are consistent with past studies, which 
showed that the entire color change tended to increase as microwave 
power levels increased as natural pigments are unstable and sensitive 
to several elements, including light, temperature, oxidation, pH, 
metal ions, etc. (34, 35). On the other hand, for the LR variety, only 
WB increased the value of lightness whereas SB and MB decreased 
the lightness value. This could be a result of the significant amount 
of sugar leaching out in the WB samples, which exposed whiter 
surfaces and increased the lightness value (36). Another possible 
explanation can be a higher amount of anthocyanin deterioration in 
WB which is confirmed in further sections. Browning index (BI) is 
one of the crucial characteristics of products, which signifies the 
enzymatic or non-enzymatic browning occurring in the products 
(22). For the purple variety, all the samples except MB100 had a 
significant effect on the BI of the samples. The presence of residual 
enzymatic activity in the MB100 sample (Table 2) might be a possible 
explanation. Whereas a significant decrease in BI values for all LR 
variety samples was observed. It can be concluded that blanching 
techniques affect potatoes differently, depending on the 
variety treated.

3.2. Impact of blanching on residual 
peroxidase activity

The oxidation of phenolic compounds by oxidoreductase 
enzymes results in the enzymatic browning reaction in potatoes 
which is undesirable during potato processing (37). POD is the most 
heat-resistant oxidoreductase enzyme found in vegetables which are 
utilized as marker enzymes to gauge the effectiveness of blanching. 
Other less heat-resistant enzymes are also killed if there is no trace 
of POD activity (38). A significant reduction (p < 0.05) in residual 
POD activity was observed in all blanched samples with MB900 
showing maximum reduction, indicating the intensity of enzymatic 
denaturation brought by high-power microwaves (Table  2). At 
higher power, microwaves generate thermal stresses which lead to 
modification of the secondary structure of enzymes, thus leading to 
a decline in their activity (39). MB100 samples for both varieties 
showed a positive residual POD activity (qualitative analysis) which 
can be attributed to the lower amount of thermal shock experienced 
by POD at a lower microwave power. These findings are in agreement 
with those observed by Wang et al. (40) where with an increase in 
microwave power, the amount of POD in red bell pepper decreased. 
A similar kind of observation was made by Liu et al. (41) where 
microwave blanching rapidly and effectively inactivated POD in 
sweet potatoes. This was attributed to the heating of the core and 
surface simultaneously thereby causing higher degradation. 
Differences in residual POD activity for different blanching 
techniques can be attributed to the difference in the mode of action.
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3.3. Impact of blanching on 
phytochemicals

Polyphenols possess antioxidant properties that enable them to 
scavenge the formation of free radicals and prevent several oxidative 
reactions by self-oxidation (42). Blanching being one of the most 
important hydrothermal processes used in potato processing is useful 
for the inactivation of enzymes which prevents the oxidation of 
desired polyphenols present in potatoes thus reducing nutrient loss 
and improving food quality (9).

Fresh potato tubers had a TPC value of 562.8 ± 20.7 and 
166.37 ± 3.56 mg GAE/100 g dry basis (d.b.) for purple and LR 
variety, respectively (Table  1), which were similar to the values 

reported in the previous studies performed by Burgos et al. (43) and 
D’amelia et al. (44). WB potatoes of the purple variety showed 7.8% 
increase in TPC while 10.41% increase was noticed in the LR 
variety. Similarly, a previous study on water blanching of African 
nightshade (African leafy vegetable) also showed an increase in 
phenolic content (45) and the authors reported that heat-mediated 
disarrangement of the polyphenol-protein complexes had favored 
the extraction of the polyphenols. Tubers subjected to SB and MB 
also showed a significant increase in TPC. For SB, the TPC 
increased to 13.9% for purple and 6.38% for LR variety (Table 1). 
Heras-Ramírez et al. (46) also observed an increase in phenolic 
content for blanched apples which was attributed to enzyme 
inactivation. With an increase in microwave power from 100 to 

TABLE 1 Effect of different blanching conditions on the quality parameters of PP-1901 and LR variety potatoes.

PP-1901 variety

Samples Control WB SB MB100 MB300 MB900

Physico-chemical parameters

Moisture content (%) 74 ± 1.4A 75.54 ± 1.52A 75.94 ± 0.59A 75.84 ± 2.1A 75.91 ± 1.66A 74.75 ± 2.7A

L*(lightness) 36.01 ± 2.01C 54.59 ± 2.03B 55.22 ± 1.86B 54.14 ± 1.46B 55.28 ± 1.86B 67.01 ± 2.93A

BI (Browning index) 20.80 ± 0.15A 11.86 ± 1.22B 4.54 ± 0.74C 19.89 ± 1.86A 4.50 ± 0.62C 9.15 ± 1.37B

Bioactive parameters

Total phenols (mg GAE/100 g) 562.8 ± 20.7C 607.2 ± 20.9B 641.1 ± 27.4B 655.4 ± 39.5B 766.67 ± 15.94A 655.3 ± 20.7B

Total flavonoids (mg QE/100 g) 314.55 ± 3.48A 209.58 ± 2.27B 265.44 ± 2.86D 275.94 ± 2.79BC 283.94 ± 2.87B 269.87 ± 5.27CD

Ascorbic acid (mg/100 g) 19.38 ± 0.14A 9.11 ± 0.03F 11.7 ± 0.14E 17.47 ± 0.18B 15.52 ± 0.42C 12.54 ± 0.29D

Total Anthocyanins (mg/100 g) 180.45 ± 4.01AB 159.54 ± 4.51C 166.86 ± 2.58 BC 176.25 ± 8.18 AB 180.68 ± 5.68A 167.96 ± 2.91 ABC

DPPH (mg TE/g DW) 8.09 ± 0.66D 11.32 ± 0.79C 11.51 ± 0.45C 15.02 ± 0.51B 18.27 ± 0.38A 11.59 ± 0.79C

RPA (mg AAE/100 g) 48.72 ± 2.48E 53.37 ± 1.26D 57.53 ± 0.79C 69 ± 0.87B 73.43 ± 1.26A 57.84 ± 0.37C

MCA (μmol EDTA/100 g) 25.95 ± 0.34D 27.15 ± 0.72CD 28.32 ± 0.81BC 26.26 ± 0.88A 31.66 ± 0.97CD 29.49 ± 0.71B

FRAP (mg FeSO4/100 g DW) 15.6 ± 0.45D 16.13 ± 0.68CD 17.46 ± 0.15BC 18.5 ± 0.26B 20.06 ± 0.41A 17 ± 0.72C

HRSA (%inhibition) 19.53 ± 0.45C 21.24 ± 0.95C 24.26 ± 1.1B 27.26 ± 1A 27.72 ± 1.19A 24.54 ± 1.1B

ABTS (μg TE/g DW) 7.4 ± 0.2D 9.66 ± 0.15C 12.72 ± 0.4B 13.65 ± 0.5B 15.71 ± 0.44A 12.72 ± 0.29B

LR variety

Physico-chemical parameters

Moisture content (%) 79.13 ± 0.87A 81.7 ± 1.15A 82.51 ± 1.86A 79.4 ± 1.1A 80.2 ± 1A 79.7 ± 1.26A

L*(lightness) 66.18 ± 1.2B 69.78 ± 0.38A 63.84 ± 0.36C 57.63 ± 0.7D 65.11 ± 0.67BC 66.94 ± 1.1AB

BI (Browning index) 34.58 ± 1.39A 12.98 ± 0.66D 13.99 ± 0.5D 25.04 ± 0.83B 10.07 ± 0.27E 21.07 ± 0.83C

Bioactive parameters

Total phenols (mg GAE/100 g) 166.37 ± 3.56CD 173 ± 3.58BCD 183.7 ± 4.09B 176.99 ± 3.56BC 214.51 ± 5.64A 165.44 ± 3.68D

Total flavonoids (mg QE/100 g) 26.12 ± 0.82D 28.5 ± 1.25CD 31.2 ± 0.86BC 33.58 ± 1.33AB 35.72 ± 0.47A 32.07 ± 0.98B

Ascorbic acid (mg/100 g) 14.65 ± 0.38A 10.24 ± 0.29D 9.53 ± 0.25D 13.59 ± 0.36B 12.56 ± 0.28C 8.45 ± 0.27E

Total Anthocyanins (mg/100 g) 23.48 ± 0.32A 18.72 ± 0.28D 19.52 ± 0.42CD 21.58 ± 0.76B 20.79 ± 0.63BC 19.95 ± 0.42CD

DPPH (mg TE/g DW) 2.18 ± 0.04D 2.39 ± 0.08C 2.45 ± 0.07C 3.24 ± 0.02B 3.46 ± 0.02A 2.51 ± 0.08C

RPA (mg AAE/100 g) 27.46 ± 0.4F 36.63 ± 0.49E 39.49 ± 0.05D 48.88 ± 1.07B 53.07 ± 0.61A 46.48 ± 0.45C

MCA (μmol EDTA/100 g) 6.23 ± 0.01E 7.56 ± 0.04D 8.62 ± 0.25C 10.08 ± 0.02B 12.6 ± 0.15A 9.92 ± 0.04B

FRAP (mg FeSO4/100 g) 4.92 ± 0.05D 5.91 ± 0.1C 6.28 ± 0.15C 7.66 ± 0.28B 8.6 ± 0.4A 7.58 ± 0.32B

HRSA (%inhibition) 8.45 ± 0.2E 8.77 ± 0.1DE 9.08 ± 0.03D 9.79 ± 0.16C 11.67 ± 0.27A 10.5 ± 0.17B

ABTS (μg TE/g DW) 2.58 ± 0.02F 3.07 ± 0.05E 3.77 ± 0.09D 4.49 ± 0.02B 5.16 ± 0.06A 4.08 ± 0.05C

Mean ± SD (n = 3) that do not share a superscript letter in a column are significantly different (p < 0.05).
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300 W, MB slices showed an increasing TPC over time, but the 
increase was only sustained up to 300 W. Subsequent increases in 
microwave power (900 W) resulted in a TPC reduction of 14.9% for 
the purple variety and 22.88% for the LR variety. The increase in 
microwave power elevates electrical energy absorbed into the 
solution and the material which causes the mobility of polar 
molecules to increase, which raises the temperature of the solution 
and speeds up the breakdown process (47). Furthermore, variation 
in TPC values as per microwave power might be the result of an 
increase in phenolic content induced by cell injury, whereas a 
decrease in TPC could be  due to heat generation at 900 W and 
residual POD activity at 100 W.

TFC in fresh potatoes was found to be  314.55 ± 3.48 and 
26.12 ± 0.82 mg QE/100 g d.b. for the purple and LR varieties, 
respectively. For the LR variety, the TFC value increased for all 
treated samples in comparison to the control, but the value 
decreased from MB300 W to MB900 W, which can have a similar 
explanation to that of TPC. In the case of the purple variety, a 
decrease in TFC was observed. The difference in the results among 
varieties may be  due to the more heat-labile flavonoids 
(anthocyanins) present in the purple variety (48). Depending on 
how they are structurally constructed, flavonoids can be sensitive 
to heat treatment. The biological activity of flavonoids and their 
stability are both influenced by temperature (49).

Blanching significantly (p < 0.05) lowered the ascorbic acid 
content (AAC) for treated potato samples. Out of all samples, WB 
potatoes had the least retention of AAC in comparison to control 
samples and had a reduced rate of 52.99 and 36.92% for purple and 
LR varieties, respectively. Leaching of soluble particles into the 
blanching water, which has been viewed as the primary drawback 
of WB, could be  one possible explanation for this loss (50). 
Significant ascorbic acid losses through water blanching of potatoes 
have also been reported by Ambe Desmond et al. (51). Similar to 
conventional blanching methods utilized in the study, microwave 
blanching also resulted in a decrease in AAC, but the decrease was 
less pronounced. The outcomes are consistent with earlier research 
by Xanthakis et  al. (52), which demonstrated that microwave 
blanching considerably retained ascorbic acid concentration in 
mangoes as compared to traditional blanching. Upon increasing 
microwave power from 100 to 900 W, there was a reduction in AAC 
of the blanched potato slices due to the electromagnetic waves 
assisted destruction of vitamin C. Likewise, E. Abano (53) observed 

that microwave drying of sweet potato slices resulted in a decrease 
in ascorbic acid content. Due to its high heat sensitivity and 
reactivity, ascorbic acid primarily degrades through thermal or 
oxidative processes (54).

Blanching techniques significantly decreased the total 
anthocyanin content in both varieties. However, MB300 was found to 
be the most suitable blanching method to retain anthocyanins in both 
varieties. These results are in accordance with the previous study of 
McDougall et al. (55), in which the anthocyanin losses increased with 
blanching time, and the amount of anthocyanins retained was 
dependent on the blanching regime. According to the author, 
prolonged temperature treatments resulted in greater anthocyanin 
losses while blanching times of 2 to 5 min helped to preserve 
anthocyanins in rhubarb.

One of the most significant and well-researched properties 
associated with phenolics, flavonoids, ascorbic acid, and 
anthocyanins is their antioxidant ability (56). Different techniques, 
including the single electron transfer method (DPPH, RPA, FRAP, 
and ABTS) and hydrogen atom transfer methods (MCA and HRSA) 
were used to assess the antioxidant capacity of potato samples 
(Table  1). With the hydrogen atom transfer technique, the 
antioxidant activity was quite high which could be attributed to the 
structural characteristics of the phenolic constituents in colored 
potatoes and the different mechanisms of the antioxidant assays. 
Additionally, anthocyanin uses the hydrogen atom transfer pathway 
to exert its antioxidant properties (57).

It is evident from the data that all three blanching techniques 
can increase the antioxidant activity of potatoes when compared to 
untreated samples; the lowest increase was found in WB samples 
for both varieties. A similar conclusion has been reported by 
Marzuki et al. (58), and the antioxidant such as ascorbic acid and 
phenolic compounds released into the hot water is probably 
responsible for the less increase in the antioxidant capacity of WB 
samples. Additionally, MB300-treated samples had greater total 
antioxidant activity values than all other samples which could 
be because microwaves can break down the vegetable cell walls, 
making it easier for antioxidants to release (e.g., phenolic 
compounds) while this phenomenon is not that effective at lower 
power levels, whereas higher powers are destructive due to high 
heat generation (59). From the above results, it can be concluded 
that MB300 is the most suitable blanching method for retaining the 
phytochemicals present in both potato varieties.

TABLE 2 Effect of different blanching conditions on residual POD activity of PP-1901 and LR variety potatoes.

Blanching Residual POD activity (PP-1901) Residual POD activity (LR)

Qualitative Quantitative (Residual activity) Qualitative Quantitative (Residual activity)

Control + 100 ± 0.00A + 100 ± 0.00A

WB − 8.59 ± 0.31C − 8.90 ± 0.06C

SB − 7.49 ± 0.06D − 7.57 ± 0.17D

MB100 + 32.28 ± 0.59B + 43.11 ± 0.55B

MB300 − 6.53 ± 0.32E − 7.36 ± 0.38 DE

MB900 − 5.85 ± 0.10E − 6.68 ± 0.06E

Mean ± SD (n = 3) that do not share a superscript letter in a column are significantly different (p < 0.05); POD- Peroxidase enzyme activity.
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3.4. Impact of blanching on functional 
groups

To determine the level of alteration and interaction of functional 
groups following different blanching treatments, IR spectral analysis 
of control and blanched potato samples was performed. Any change 
in the functional groups was interpreted as a result of tissue 
disintegration produced by the heat action of blanching. FTIR spectra 
of PP-1901 and LR variety are shown in Figure 1. Vibrational peaks 
ranging between 1,600 and 1700 cm−1 (C=O stretching vibrations) 
indicate the presence of amide I, 1480–1,575 cm−1 (N-H in-plane 
bending vibration) amide II, and 1,200–1,400 cm−1 (N-H deformation 
and C-N stretching) amide III region. Bands with wavenumber 3,200–
3,400 cm−1 and 2,800–3,000 cm−1 represent -OH and -CH stretching 
vibrations, respectively. Absorption around 2,921 cm−1 depicts CH3 
asymmetric stretching vibrations in aliphatic chains of protein (60). 
These results support an increase in the bioactive parameter value 
discussed previously. The absorption bands around 3,300–3,600, 
2,900, 1,150, and 1,000–1,100 cm−1 are due to starch present which has 
an OH, C-H, C-O-C, and C-O functional group. Furthermore, the 
distinctive C-O-C ring vibration on starch results in an absorbance 
peak of approximately 700–900 cm−1. The OH group’s C-O bending 
resulted in an absorbance peak at roughly 1,648 cm−1 (61). An increase 
in the intensity of peaks after blanching indicates an increase in the 
amount of functional group linked with the molecular bond (for LR 
variety at 3854 cm−1, the intensity increased from 0.02083 of control 
to 0.12553 of MB300 sample and for PP 1901 at 989 cm−1, the intensity 
increased from 0.04302 of control to 0.41350 of MB300 sample). The 
O-H bonds (also known as alcohol bonds), which are frequently 
present in both native and hydrolyzed potato starch, can be seen in 
peaks between 3,100 and 3,700 cm−1. The starch molecules’ CH2 bonds 
(methylene linkages), which are missing from native potato starch but 
present in hydrolyzed potato starch, are represented by the 
wavenumber between 2,920 and 2,928 cm−1 (62).

3.5. Impact of blanching on microstructure

The morphology of the potato parenchyma cell before and after 
MB300 blanching under a Scanning electron microscope is shown in 
Figure 2. It can be observed that control samples of both samples 
exhibited birefringence which was observed at different 
magnifications. MB300 significantly affected the microstructure of both 
the LR and purple potatoes, as shown in Figures 2D,H. Also, there was 
a significant difference between the structural conformity of both 
varieties. This is due to the presence of a high amount of dry matter 
and total starch content in the LR variety than in the purple variety 
due to which the swelling and cell wall distension were more evident 
after blanching in the former one (63). Cell sloughing or swelling 
mainly occurs in potatoes with high dry matter content. A similar 
kind of disruption in potato microstructure after radiofrequency 
blanching was observed by Zhang et al. (9), which was attributed to 
blanching-induced starch gelatinization and cell disruption. Similarly, 
in a study conducted by Gomide et  al. (64), microwave drying 
significantly affected the microstructure of potato samples. A possible 
explanation for this was that microwaves caused volumetric heating 
in the sample and led to a reduction in firmness and gelatinized starch. 
The decrease in values of textural parameters of both LR and purple 

potato varieties discussed in the next sections further supports these 
results. Additionally, because of the rapid evaporation during 
microwave blanching, a porous matrix with a more compact structure 
was created. However, the purple-colored swollen starch granules 
diffused through the cell wall, causing it to lose its original polyhedral 
shape; in contrast, in LR, the area of the wall expanded as a result of 
the cell wall distension and swelling of the gelatinized starch. Potato 
microstructure was significantly altered by microwave blanching 
although the impact is dependent on the variable granule architecture 
(crystalline to amorphous ratio) and the various properties of starch, 
which might differ dramatically among potato varieties.

3.6. Impact of blanching on textural 
properties

Texture is one of the most essential quality features of foods. 
Foods have varying textural qualities which are caused by inherent 
differences due to differences in variety, differences in the 
developmental stage, and differences caused by processing procedures 
(65). Blanching had a significant effect (p < 0.05) on the textural 
properties of control and blanched samples, as shown in Table 3. 

FIGURE 1

FTIR spectrum of (A) LR varety and (B) PP-1901 variety (WB-Hot 
water blanching, SB-Steam blanching, MB100

− Microwave blanching 
at 100 W, MB300

− microwave blanching at 300 W and MB900
− 

Microwave blanching at 900w).
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Values of hardness and springiness decreased for both LR and 
PP-1901 varieties after blanching for all the different treatments used. 
MB900 samples had the lowest value of textural parameters, indicating 
larger tissue damage to potatoes. A similar kind of reduction in values 
of hardness, chewiness, and fracturability of radio frequency 
blanched potato cuboids was observed by Zhang et al. (9). This was 
attributed to water loss that led to softening of the texture after 
blanching. Likewise, Jiang et al. (66) observed a decrease in these 
values for water and radio-frequency blanched sweet potato. This 

occurrence was attributed to cell wall integrity damage, which might 
have impacted texture qualities.

3.7. Impact of blanching on thermal 
properties

For analyzing melting, crosslinking, and detection of water 
loss from the food matrix, crystallization, and gelatinization, 

FIGURE 2

SEM images of control LR at (A) × 100 and (B) × 250 magnification; MB300 LR variety (C) × 100 and (D) × 250 magnification; control PP-1901 at (E) × 100 and 
(F) × 250 magnification; and MB300 at (G) × 100 and (H) × 250 magnification.
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thermal analysis utilizing DSC is frequently used (29). Starch is 
principally responsible for the thermal characteristics of potatoes. 
However, the thermal properties of potatoes are also influenced 
by their non-starch polysaccharide and protein (30). The 
gelatinization temperature (Tg) and enthalpy (∆H) of control and 
blanched samples of both varieties are shown in Table 4. Tg and 
∆H of control for LR and PP-1901 samples were found to be 60 
and 63°C and 1.69 and 2.73 J/g, respectively. A similar Tg value 
(60°C) for raw potatoes has been reported by Tian et al. (67). It 
was observed that blanching significantly affected (p < 0.05) both 
Tg and ∆H. Disruption in the ordered structure of potato tissue 
which has been confirmed in previous sections might have 
resulted in decreasing both Tg and ∆H values of potato samples. 
A decrease in the value of Tg indicates a loss in molecular order 
and crystalline structure (68). A decrease in ∆H values after 
blanching indicates an increase in the degree of gelatinization. 
∆H provides an overall measure of crystallinity as a measure of 
the loss of molecular order inside the granule; the larger value of 
enthalpy denotes a lower proportion of gelatinized starch (67). 
Potato starch has B-type crystallinity which when subjected to 
hydrothermal treatments disrupts its crystalline structure and 
thereby increases its digestibility (62). The difference in varieties, 
growing conditions, and physicochemical composition can also 
affect the gelatinization properties of potatoes (69). Similarly, 
processing techniques like boiling and cooling, as discussed by 
Tian et al. (67), irradiation (70), and radio frequency blanching 
(30) affected the thermal properties of potatoes.

4. Conclusion

The results showed that blanching significantly affected the 
bioactive properties and antioxidant potential of colored potatoes. 
In comparison to conventional blanching methods, microwave 
blanching was the most suitable technique to retain flavonoids, 
anthocyanins, phenolics, and ascorbic acid. More than 15% of 

phytochemicals increased at different power levels. Our research 
found that 300 W power was the most suitable blanching process 
parameter, which was also supported by the FTIR results. The 
difficulty encountered at a high-power level (900 W) was related to 
increased heat generation, which impacted heat-labile 
phytochemicals found in potatoes. On the other hand, a lower 
power level (100 W) was ineffective to remove residual POD levels. 
As a result, the databases employed in the current study provided a 
broad overview of the blanching methods. An appropriate approach 
should have a high capacity for inactivating the browning enzyme 
while retaining the material’s original color and nutritional value. 
These process parameters could also be  used to facilitate the 
production of other related products like French fries and other 
processed commodities, which has a huge commercial potential.

TABLE 3 Effect of different blanching conditions on the textural properties of PP-1901 and LR variety potatoes.

Variety Treatment Treatment Hardness (g) Fracturability (g) Springiness Cohesiveness Chewiness

PP-1901 Control Unblanched 751.09 ± 13.34A 720.19 ± 2.20A 0.91 ± 0.03A 0.12 ± 0.02A 96.89 ± 2.33C

MB 100 W 387.67 ± 10.44B 442.47 ± 17.02B 0.08 ± 0.01C 0.077 ± 0.003B 342.51 ± 16.11B

300 W 74.27 ± 4.24E 0C 0.2 ± 0.1B 0.061 ± 0.002B 46.077 ± 1.41D

900 W 15.56 ± 0.88F 0C 0.06 ± 0.004C 0.048 ± 0.002B 5.11 ± 0.07E

SB 100(°C) for 5 min 118.63 ± 2.88D 0C 0.11 ± 0.005BC 0.08 ± 0.005B 111.72 ± 0.16C

WB 85(°C) for 5 min 350.55 ± 6.29C 0C 0.120.006BC 0.06 ± 0.03B 432.21 ± 7.42A

LR Control Unblanched 714.62 ± 5.31A 728.59 ± 2.31A 0.92 ± 0.02A 0.25 ± 0.02A 101.84 ± 1.58E

MB 100 W 426.42 ± 11.43B 485.28 ± 16.03B 0.12 ± 0.04BC 0.12 ± 0.02BC 491.3 ± 32.3B

300 W 252.34 ± 5.9C 0C 0.08 ± 0.007C 0.1 ± 0.07BC 164.12 ± 10.56D

900 W 105.99 ± 7.95D 0C 0.08 ± 0.005C 0.06 ± 0.02C 42.01 ± 5.7F

SB 100(°C) for 5 min 247.7 ± 16.15C 0C 0.07 ± 0.02C 0.15 ± 0.03ABC 306.1 ± 17.6C

WB 85(°C) for 5 min 418.62 ± 11.45B 0C 0.16 ± 0.015B 0.19 ± 0.015AB 1196.2 ± 36A

Mean ± SD (n = 3) that do not share a superscript letter in a column are significantly different (p < 0.05).

TABLE 4 Effect of different blanching conditions on thermal properties 
of PP-1901 and LR variety potatoes.

Variety Sample Tg (°C) ∆H (J/g)

LR Control 60.11 ± 1.94A 1.69 ± 0.02A

MB100 48.39 ± 0.62B 1.75 ± 0.03A

MB300 59.63 ± 0.5A 1.58 ± 0.17A

MB900 47.73 ± 0.89B 1.34 ± 0.05B

WB 43.79 ± 1.19C 1.18 ± 0.09B

SB 44.37 ± 0.99C 1.67 ± 0.03A

PP-1901 Control 63.36 ± 1.92A 2.73 ± 0.04A

MB100 51.79 ± 1.24B 1.47 ± 0.04D

MB300 62.58 ± 0.6A 2.31 ± 0.08B

MB900 44.08 ± 0.8C 1.73 ± 0.05C

WB 46.14 ± 0.8C 1.6 ± 0.06CD

SB 52.21 ± 1.32B 2.24 ± 0.07B

Mean ± SD (n = 3) that do not share a superscript letter in a column are significantly different 
(p < 0.05).
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