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In this study, the combined effect of temperature (60 to 80 �C) time (10 to 15 min.) and pH (3 to 6) was
employed on the anti-oxidant potential (1,1-diphenyl-2-picrylhydrazyl-radical scavenging activity-
DPPH-RSA, total phenolic content-TPC, and total flavonoid content-TFC) of wild bush Indian honey from
high altitudes of Kashmir Valley by using response surface methodology (RSM). The statistical analysis
showed that all the process variables had a substantial effect on the responses related to DPPH-RSA,
TFC, and TPC, all of which increased as temperature and time increased. With an increase in pH, the
antioxidant activity of wild bush honey was significantly decreased. The heat treatment of honey at high
temperature (80 �C) was found to be more efficacious than at 70 and 60 �C, respectively. The findings
showed that at higher temperature, browning pigments were formed which enhanced considerably
the antioxidant activity of honey.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Honey, a naturally delightful alternative to sugar, is a product
made by honeybees (Apis mellifera) from plant nectars (blossom)
or secretions of plant sap (honeydew). Bees pick up nectar, modify
it by integrating with their particular enzymes, and deposit it in
the comb to reach maturity (Nayik et al., 2018; Kamboj et al.,
2020). Carbohydrates are the most abundant molecules in honey,
consisting of a complex combination of monosaccharides account-
ing for 70% (primarily glucose and fructose) and disaccharides
(10%–15%) and a low percentage of trisaccharides (melezitose
and raffinoses), which are in abundance proportion in honeydew
honey (Nayik et al., 2019). The sugar content of honey affects its
physicochemical characteristics like viscosity, hygroscopicity, and
crystallization (Kamboj et al., 2020). It is often reported that sugar
profile and other chemical compositions of specific honey is fre-
quently found to be significantly dependent on the flower type
sucked by the bees and other geographical factors (Warui et al.,
2019; Fechner et al., 2016; Escuredo et al., 2014). Enzymes, pro-
teins, organic acids, minerals, vitamins, and other volatile chemi-
cals, as well as polyphenolic compounds, are among the minor
but significant components of in honey (De-Melo et al., 2018;
Santos-Buelga and González-Paramás 2017; da Silva et al., 2016)
Composition of honey is mostly determined by the species of plant
flower visited by honeybees along with the habitat, processing, and
storage factors (Nayik and Nanda, 2015). Due to the availability of
diastase and invertase enzymes together with polyphenolic com-
pounds and amino acids, honey is considered as a beneficial food,
rich in antioxidants (Brudzynski and Maldonado-Alvarez, 2015;
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Belay et al., 2017). The presence of principal polyphenolic com-
pounds including phenolic acids (ferrulic acid, chlorogenic acid,
caffeic acid, vanillic acid, ellagic acid, cinnamic acid, benzoic acid,
and coumaric acid) along with flavonoids (apigenin, pinocembrin,
quercetin, chrysin, pinobanksin, myricetin, luteolin, and hesper-
itin) in honey presents protective effects against atherogenesis,
cancer, thrombosis, and inflammation (Nayik and Nanda, 2016).
The differences in antioxidant capabilities across honeys from var-
ious sources are related to differences in polyphenol content. Hon-
ey’s color varies from light yellow to dark red and light black,
depending on the temperature and total time in storage, where
darker honey contains higher phenolic content and thus exhibits
stronger antioxidant activity (Bodó et al., 2021).

India is one of the six world’s leading honey producers, with an
estimated production of 1.2 lakh MT from almost 16 lakh regis-
tered bee colonies (Press Information Bureau, 2021). Taking into
consideration, the necessity to promote beekeeping for the inte-
grated farming system in India, the government for National Bee-
keeping & Honey Mission has authorized Rs. 500 crores
allocation for the period of three years (2020–21 to 2022–23)
(Press Information Bureau, 2021).

Kashmir valley, located at 32�440N and 74�540E in union terri-
tory of Jammu and Kashmir of India, is the most phytogeographi-
cally diversified zone with moderate weather and diverse
geographical circumstances making it ideal for growing a variety
of fruits and spices (Nayik et al., 2018). There are thousands of
honey-manufacturing units in Jammu and Kashmir, with honey
output totaling over 7200 quintals (Press Information Bureau,
2021).

During the months of August and September, pollen and nectar
from Zinnia elegans, Thymus vulgaris, Cyanoglossum officinale, Plec-
tranthus rugosus, and Impatiens glandulifera help to boost bee activ-
ity. Crocus sativus (saffron), which blooms from late October to
mid-November, is extremely valuable to bees as a source of brood,
which is also a part of the natural vegetation of the valley (Nayik
et al., 2019).

Raw honey is usually processed before being sold because it
includes extraneous materials (bee pollen and wax) that can cause
early crystallization. As a result, raw honey is heated to avoid or
delay crystallization, as well as to inactivate osmo-tolerant yeasts
that might induce undesired fermentation (da Silva et al., 2016;
Yan et al., 2019). Few researches have studied the effect of heat
treatment on honey antioxidant properties (Zarei et al., 2019; Al-
Ghamdi et al., 2019). However, this is the first report in which
the combined effect of temperature, pH, and time on the antioxi-
dant properties of wild bush honey (Plectranthus rugosus) using
response surface methodology (RSM) has been developed.

RSM is a statistical method that has been proven to be a useful
tool for evaluating the effect of responses and the interactions
among them. RSM economizes experimentations by reducing the
time and resources required to optimize processing conditions.
Therefore, the major goal of this research was to investigate the
influence of temperature, pH, and time on the antioxidant proper-
ties of wild bush honey produced in India’s Kashmir Valley.

2. Materials and methods

2.1. Material collection and testing

Wild bush (Plectranthus rugosus) raw honey samples (10) were
gathered from regional apiculturist, sealed and packed in glass bot-
tles, and kept at a temperature of 4 �C until analysis. Melissopaly-
nology was used to demonstrate the botanical origin of wild bush
(Plectranthus rugosus) honey samples using the method adopted by
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Von der Ohe et al. (2004). Laboratory chemicals including Folin–
Ciocalteu reagents, methanol, acetic acid, sodium acetate, alu-
minum chloride, sodium carbonate, and DPPH of analytical grade
were acquired from Fluka Goldie, Mumbai, India.

2.2. Thermal conditions

The heating of honey samples was executed at diverse temper-
atures ranging from 60 �C to 80 �C for varied time durations (10–
15 min) at pH levels ranging from 3 to 6 by using the solutions
of acetate buffer (0.1 mol/L acetic acid and 0.1 mol/L sodium acet-
ate), followed by cooling to 20 �C.

2.3. Determination of total phenolic and flavonoid contents

The Folin–Ciocalteu reagent was used in the estimation of the
total phenolic content of all honey samples by using the method
adopted by Pauliuc, Dranca and Oroian (2020). For the construction
of the calibration curve, gallic acid (0–100 mg/ml) was utilized as a
standard, and methanol was used as blank. The values were mea-
sured in milligrams of gallic acid equivalent (mg GAE) per 100 g
honey. TFC was determined with the help of the Dowd technique
(Pontis et al., 2014) in honey samples. By comparing the total fla-
vonoid content to a standard curve of quercetin (0–100 g/mL),
the total flavonoid concentration was calculated. The results were
reported as mg quercetin/100 g honey (mg QE/100 g) based on the
average of triplicate readings.

2.4. Determination of DPPH radical scavenging activity (DPPH-RSA)

The honey solution was prepared by dissolving honey (0.6 g) in
methanol (4 mL), after which 1.5 mL of DPPH reagent solution
(0.02 mg/mL) was added to the honey solution (0.75 mL) and the
subsequent samples were held for 15 min in the dark at room tem-
perature. A spectrophotometer (Hach Lange DR6000 UV–VIS Dus-
seldorf Germany) was employed to measure the honey mixture’s
absorbance at 517 nm against a methanol blank. The DPPH-RSA
reported as percent inhibition was determined based on the equa-
tion (1) as recently reported by Nayik et al. (2016)

Inhibition %ð Þ ¼ ControlsAbs� SampleAbs
ControlsAbs

� 100 ð1Þ

where Abs control represents the absorbance of the control
(0.75 mL methanol and 1.50 mL DPPH) and sample Abs represents
the absorbance of the sample.

2.5. Experiment design

The combined impact of variables: pH, temperature and time
having the values between 3 and 6, 60 to 80 �C, and 10 to
15 min on three responses, TPC, DPPH-RSA, and TFC respectively,
of wild bush honey was evaluated using RSM employing Design-
Expert version 9.0.4 (Statease Inc., Minneapolis, MN, USA)
(Tekindal et al., 2012). At the centre point, a three-level Box–Behn-
ken design including a three-factor, with seventeen experimental
runs and five replicates was utilized. Multiple regressions utilizing
the least-squares approach were used to analyse the data. The data
were fitted with the following second-order polynomial Eq. (2):

Yk ¼ b0 þ b1v1 þ b2v2 þ b3v3 þ b11v2
1 þ b22v2

2 þ b33v2
3

þ b12v1v2 þ b13v1v3 þ b23v2v3 ð2Þ
where Yk denotes the response variable and Y1 denotes the DPPH
activity Y2 denotes TPC and Y3 denotes TFC while X1, X2, and X3
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were considered to be coded independent variables for time (min),
pH, and temperature (�C), respectively. bo was used to represent the
fitted response value at the design’s central point, i.e. (0,0,0). The
quadratic and linear regression coefficients were b11-33 and b1-3,
respectively, whereas the cross-product regression coefficients
were b12, b13, and b23. The test of statistical significance was per-
formed on the total error criteria with a confidence level of 95%.
Analysis of variance (ANOVA) were utilized to determine the impor-
tant terms in the model for each response. Model adequacy was
tested by calculating the coefficient of determination R2 Pred.
R2and adj-R2. The data were presented using three-dimensional
surface profilers.
3. Results

The pollen spectra percentages were associated with nectar
plant pollens. The high frequency (42–54%) of pollen grains from
Plectranthus species dominated the wild bush honey (Table 1).
Table 2 shows the antioxidant activity response (DPPH-RSA, TFC,
and TPC) of wild bush (P. rugosus) honey as a result of the experi-
ment. Table 3 summarizes the experimental data utilized in the
calculation of the significant coefficients of the second-order poly-
nomial equation for wild bush honey. For many of the components
included in the model, a lower p-value and a larger regression co-
efficient imply a substantial effect on the corresponding response
variables. The analysis of variance revealed (Table 3) that the resul-
tant quadratic model was appropriate as the lack of fit was not sig-
nificant and as there were low residual values coupled with large
values of the coefficients of determinations, R2, ranging from
0.995 to 0.999 for all responses. A high R2 score does not always
imply that the model is adequate. As a result, an adjusted-R2 of
more than 90% is used to assess the model adequacy, although
the final decision is left to the researchers based on the sensitivity
Table 1
Frequency classes of pollen and their percentage.

Frequency classes. Pollen grains detected

Predominant pollen >45%
Secondary pollen 16–45%
Important minor pollen 3–15%
Minor pollen 3%

Table 2
Effect of independent variables (pH, temperature and time) on responses (DPPH activity, to

Experiment No. Temperature (�C) X1 Time (min)
X2

1 60.00 12.50
2 70.00 15.00
3 70.00 12.50
4 80.00 10.00
5 80.00 15.00
6 70.00 12.50
7 70.00 12.50
8 70.00 15.00
9 70.00 12.50
10 70.00 12.50
11 60.00 10.00
12 60.00 12.50
13 70.00 10.00
14 80.00 12.50
15 70.00 10.00
16 80.00 12.50
17 60.00 15.00

All response values are mean values of duplicates.
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of the data. The normal coefficient of determination (R2) is usually
an overestimate of the goodness of fit in researches in many fields
(Kovács et al., 2021) and its adjusted form should be reported,
which ranged between 0.9933 and 0.9998 (Table 3). Table 4 shows
the second order (quadratic) regression coefficients for the
responses (DPPH-RSA, TFC, and TPC) of wild bush honey. ANOVA
also described that the second order polynomial model signifi-
cantly explained the dependence of the responses (DPPH-RSA,
TFC, and TPC) on the predictor variables (heating temperature,
time, and pH).

3.1. Response surface analysis of total phenolic and flavonoid contents

3.1.1. Total phenolic contents (TPC)
Temperature, time, and pH had a significant impact on TPC.

(p � 0.0001), with a fairly high model adequacy level (R2 = 0.99)
(Table 3). On the TPC, time and temperature had a negative quad-
ratic and a positive linear impact (p < 0.0001). Fig. 2b and c demon-
strate the collective effect of pH-time and pH-temperature on TPC
of wild bush honey.

3.1.2. Total flavonoid contents (TFC)
The process variables (temperature, time, and pH) were seen to

significantly predict the total flavonoid contents (Table 3) with a
very strong coefficient determination (R2 = 0.9971 and
R2adj. = 0.9933). Predictive factors had a significant impact on
the TFC, (Fig. 3a–c). Fig. 3b shows that the TFC of wild bush honey
increased when there was an increase in temperature (from 60 to
80 �C) and the pH drops from 6 to 3.

3.2. Response surface analysis of antioxidant activity (DPPH-RSA)

Table 3 shows that the relationship between temperature and
independent variables has a quadratic RSA with a decent regres-
sion coefficient (R2 = 0.99). The collective impact of time, temper-
ature, and pH on the antioxidant activity of wild bush honey is
presented in Fig. 4a-c. The enhancement in antioxidant activity
of wild bush honey was higher at 80 �C than at 60 and 70 �C, indi-
cating that when honey is heated at a higher temperature, the
antioxidant activity increases and becomes more obvious.

The antioxidant activity of honey was also impacted by its pH.
Temperature and pH had a positive quadratic (p = 0.0001) and neg-
ative linear (p = 0.0382) influence on the activity of DPPH (Fig. 4b).
tal phenolic content (TPC) and total flavonoid content (TFC) of wild bush (P. rugosus).

pH
X3

DPPH-RSA
(%)

TPC
(mg GAE/100 g)

TFC
(mg QE/100 g)

3.00 61.29 58.22 19.21
3.00 61.06 58.23 17.22
4.50 59.48 55.34 16.73
4.50 65.75 52.98 19.27
4.50 65.81 56.62 20.63
4.50 59.52 56.00 16.67
4.50 60.96 56.00 16.73
6.00 59.52 50.34 16.92
4.50 60.96 56.32 16.66
4.50 59.53 55.72 16.93
4.50 61.33 47.79 16.34
6.00 61.13 47.26 13.59
3.00 61.23 50.23 13.42
3.00 65.72 54.86 16.92
6.00 61.23 53.15 16.91
6.00 65.82 60.75 23.62
4.50 61.00 49.51 17.01



Table 3
Significant levels of wild bush (P. rugosus) honey responses using RSM.

P > F DPPH-RSA(%) TPC
(mg GAE/100 g)

TFC
(mg QE/100 g)

Model < 0.0001 < 0.0001 < 0.0001
A:Temperature (�C) < 0.0001 < 0.0001 < 0.0001
B: Time (min) < 0.0001 < 0.0001 < 0.0001
C: pH 0.0113 < 0.0001 0.0030
A2 < 0.0001 0.0021 < 0.0001
B2 < 0.0001 < 0.0001 0.4397
C2 < 0.0001 0.1367 0.5903
AB 0.0004 0.0484 0.0983
AC 0.0043 < 0.0001 < 0.0001
BC 0.1539 < 0.0001 0.0016
R2 0.9999 0.9953 0.9971
Adjusted R2 0.9998 0.9892 0.9933
Pred. R2 0.9991 0.9570 0.9613
Adeq. Precision 263.95 45.47 70.112
Lack of Fit 0.0853 0.3501 0.0641
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It was indicated that the DPPH-RSA increases with increasing acid-
ity (from pH 6 to 3) and increasing range of temperature (from 60
to 80 �C).
Fig. 1. Microscopic view of pollen grain of P. rugosus.

4. Discussion

The analysis of pollen in honey samples demonstrated that all
honey samples could be characterized as unifloral honey since
the significant proportion of pollen (greater than45%) was derived
from the respective plant species (Table 1). The Fig. 1 shows the
microscopic view of pollen found in honey of Plectranthus rugosus.

An increase in TPC corresponded to an increase in antioxidant
activity (Fig. 2a), which might be attributed to the production of
non-enzymatic antioxidant-rich products (MRPs) in honey, as hon-
ey’s antioxidant action is mostly attributed to polyphenols (Nayik
and Nanda, 2015). TPC increased with temperature (60 to 80 �C)
and acidic pH (pH, 6 to 3), which was likely owed to phenolic com-
pounds, as these reduced susceptibility to oxidation at a relatively
decreased pH by the protection of hydroxyl groups through proto-
nation (Nayik et al., 2016).

The pH level of honey influences the antioxidant characteristics
of its phenolic compounds in addition to the heating temperature
and time combinations. This implies that the quality and nutri-
tional as well as nutraceutical functionalities of honey from differ-
ent localities could be optimized to a desired end-use
requirements. The current research presented the honey’s poten-
tial as a source of natural antioxidant compounds and their radical
scavenging properties under different thermal processing time–
temperature combinations and pH, in an effort to optimize the
combination of three important predictive factors.

pH and temperature had a negative quadratic impact and a pos-
itive linear influence, respectively, but time had both positive lin-
ear and quadratic effects. Because honey’s antioxidant
characteristics is mostly attributable to the availability of polyphe-
nols, the impact of temperature was similar to that of DDPH-RSA
Table 4
Second order regression coefficients for responses (DPPH-RSA, TPC and TFC) wild bush ho

Response Intercept A B C AB

DPPH-RSA 59.61 2.29 �0.089 �0.020 0
TPC 55.88 2.80 1.32 �1.25 �0
TFC 16.74 1.79 0.48 0.29 0

Where A = Temperature; B = time; C = pH.
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activity, i.e., as temperature and time increased, there was an
increase in TFC as well. The TFC was higher at acidic pH because
polyphenol antioxidant activity is higher at acidic pH and
decreases monotonically with increasing pH from 3 to 6 owing to
deprotonation of hydroxyl groups (Nayik et al., 2016).

On the antioxidant activity, the temperature had a positive lin-
ear and quadratic impact (p < 0.0001, p < 0.0001) which might be
attributed to the formation of Maillard reaction products (MRPs)
that could have improved the antioxidant potential of wild bush
honey as time and temperature increased (Fig. 4a). MRPs have
been found to have substantial antioxidant effects in a variety of
foods (Wagner et al., 2002; Xiang et al., 2008). The high-
temperature heating and storage conditions trigger the production
of hydroxymethylfurfural (HMF), which is internationally often
used to determine whether honey is fresh or not. Commercial
honey suitable for household usage should not contain more than
40 mg of HMF per kg of honey, according to the relevant regulation
(Shapla et al., 2018). However, thermal treatment of honey (close
to 80 �C) results in the production of distinct compounds in non-
enzymatic browning reactions that proceed via distinctive chemi-
cal pathways, contributing to a logarithmic increase in the antiox-
idant activity of honey. Turkmen et al. (2006) reported equivalent
results for antioxidant activity in honey after extended heating.
The findings were similarly congruent with those of Fauzi et al.
(2014), who found that high-pressure processing with thermal
treatment increased the antioxidant activity of Manuka honey
from New Zealand significantly. The results from the present study
are also in association with that from a previous study on cherry
honey (Nayik and Nanda, 2016).
ney.

AC BC A2 B2 C2

.097 0.065 �0.025 3.16 0.79 0.81

.48 4.21 �2.70 �0.93 �3.22 0.33

.17 3.08 �0.45 1.64 �0.07 �0.05



Fig. 3. Response surface plot of TFC as a function of (a) time and temperature, (b)
pH and temperature (c) pH and time of wild bush honey (P. rugosus).

Fig. 2. Response surface plot of TPC as a function of (a) time and temperature, (b)
pH and temperature (c) time and pH of wild bush honey (P. rugosus).
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The gain of H+ ions caused by a decrease in pH might be the
cause for the observed shift. Due to the decrease of H+ ions with
an increase in pH, the joint effect of pH (3–6) and time (10 to
15 min) also reduced antioxidant activity (Fig. 4c).

The overall implication is that the antioxidant activity as radical
scavenging potential of honey can be optimized to meet specific
product and consumer demands. This presents a scenario-specific
potential for honey thermal treatments and pH adjustment to
maximize the health functionality of honey, in addition to the need
for just sweetening foods.
771
5. Conclusion

The reduction in antioxidant activity caused by heat treatment
of honey is offset by the Maillard reaction products. By adjusting all
three process variables (pH, temperature, and time), it is feasible to
optimize the flavonoid and total phenolic contents as well as the
DPPH scavenging activity of honey. The low pH, high temperature
(80 �C), and prolonged time were found to be the most desired
choices for the optimal thermal treatment of wild bush honey. As



Fig. 4. Response surface plot of DPPH-RSA as a function of (a) time and
temperature, (b) pH and temperature (c) time and pH wild bush honey (P. rugosus).

G. Ahmad Nayik, V. Nanda, B. Zohra et al. Saudi Journal of Biological Sciences 29 (2022) 767–773
a result of the combined heat treatment and pH adjustment, the
antioxidant activity in honey samples increased, presenting some
new and beneficial health effects for consumers under the perspec-
tives of regular consumption.
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