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Abstract Floral authenticity of coriander (Coriandrum
sativum) honey samples was confirmed by melissopaly-
nology. Effect of temperature, time and pH on quality
parameters i.e. hydroxymethylfurfural (HMF) content,
diastase and invertase activity of coriander honey was
analysed using response surface methodology. Central
composite rotatable design was adopted for optimization of
process variables. An increased in HMF content was
observed with increase in temperature and pH whereas
diastase activity decreased with increase in temperature
and with a pH value other than the optimum value of
4.6-5.6. Invertase activity was maximum at 4.8 pH.
Interaction effect of temperature and pH was significant for
HMF whereas interaction effect of temperature and time
was significant for HMF, diastase and invertase activity.
Optimization of variables was done by the mathematical
method, and optimized values of HMF content, diastase,
and invertase activity were obtained as 7.78 (mg/kg), 17.95
DN and 13.96 IN, respectively at 47.5 °C (temperature),
4.7 (pH) and 9 min (time).
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Introduction

Honey is a naturally sweet product, which has been col-
lected and transformed by combining with specific sub-
stances from the nectar of plants or from secretions of
living parts of the plants by honeybees. Pollen plays an
important role to investigate the floral origin of honey.
Honey produced from some plant taxa obtains more prices
due to its nutritional and therapeutic properties (Bibi et al.
2008). The ideal approach to decide the variety of honey
and geographical origin is, to identify and quantify the
pollen grains present in the honey (Vaughn and Bryant
2001).

Honey is introduced in the market after applying some
processing techniques like heat treatment. Hydrox-
ymethylfurfural (HMF) content, diastase and invertase
activity are employed as main quality control for assessing
overheating and freshness (Ramirez Cervantes et al. 2000).
HMF is a breakdown product of acid-catalyzed dehydration
of hexose sugar with fructose and diastase (Yilmaz and
Kufrevioglu 2001; Nafea et al. 2014) with an increase in
temperature and formation of HMF is self-catalytic
(Ghoshdastidar and Chakrabarti 1992). HMF is an impor-
tant component and is an indicator of the freshness of
honey; hence, it is used to assess storage period and
overheating (Tosi et al. 2002; Ruoff and Bogdanov 2004).
Fresh honey has a very small quantity of HMF content, but
it increases with storage period and also depends on honey
temperature and pH (Fallico et al. 2004; Visquert et al.
2004). The diastase activity of honey is correlated to the
plant taxa and environmental conditions prevailing in the
province. White et al. (1964) asserted that invertase might
be a superior indicator of honey quality over diastase as
invertase is destroyed more rapidly by heating than dias-
tase. According to international regulatory standards, HMF
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content must < 40 mg/kg (European Economic Commu-
nity 2002; Codex Alimentarius 2001). The diastase activity
must be > 8 DN and invertase activity of honey samples
should be > 10 IN (Codex Alimentarius 2001).

White et al. (1964) depicted the effect of storage and
increased the temperature on HMF, diastase and invertase.
Takenaka and Echigo (1974) observed a decrease in dias-
tase and invertase activity during storage. Honey samples
(pine, thymus, cotton, helianthus and orange) from the
different origin of Athens were heated at 35, 45, 55, 65 and
75 °C for 24 h and investigators (Karabournioti and Zer-
valaki 2001) depicted that HMF concentration increased
and invertase activity decreased with increase in tempera-
ture. Hasan (2013) indicated that there was a decrease in
diastase number, invertase content and increase in HMF
content, when honey samples were heated at different
temperatures, i.e. 55, 65 and 75 °C for 5, 15, 20 and
25 min. Nanda et al. (2006) also reported that there was an
increase in HMF content with an increase in temperature
and pH whereas diastase activity decreased with increase in
temperature. Babacan et al. (2002) also found that at 85 °C
there was a significant decrease in the diastase activity.

Various authors revealed suitable application of
response surface methodology (RSM) for optimization of
several process variables (Nanda et al. 2004, 2006; Singh
et al. 2010; Nayik et al. 2016). Correlation of temperature
and HMF content, temperature and diastase activity, pH
and diastase activity and temperature and invertase activity
have been observed by various researchers (Karabournioti
and Zervalaki 2001; Nanda et al. 2006; Hasan 2013).
However, the effect on HMF content, diastase activity and
invertase activity as a function of temperature, pH and time
has not been testified until now. The present investigation
aims to optimize temperature, pH and time regarding HMF
content, diastase activity and invertase activity without
altering the quality parameters of honey by using RSM.

Materials and methods

Chemicals and reagents

Carrez solution I, carrez solution II, sodium bisulphite
solution, starch solution, acetate buffer solution, sodium
chloride, p-nitrophenyl-a-p-glucopyranoside (pNPG) solu-
tion and tris-(hydroxymethyl) aminomethane were pro-
cured from Fluka Goldie, Mumbai, India.

Honey sample collection and pollen analysis

Twenty honey samples of coriander (Coriandrum sativum)

were collected from local beekeepers (Rajasthan). Samples
were collected between September 2009 to October 2013
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and preserved in glass bottles and stored at a temperature of
4 °C in laboratory refrigerator. Melissopalynology con-
firmed the source of each honey samples and classified as
per their floral source by the method depicted by Von der
Ohe et al. (2004). The terms used for classification were:
predominant pollen (> 45%), secondary pollen (16-45%),
important minor pollen (3—15%) and minor pollen (< 3%).

Heat treatment of honey

The thermal treatment of honey was carried out at a tem-
perature range from 45 to 55 °C for 5-15 min and pH
value of honey samples was maintained from 3.8 to 5.8 by
acetate buffer solutions (0.1 M of sodium acetate and
0.1 M of acetic acid). Then honey samples were kept in
water bath at required temperature after sealing glass
containers with rubber stoppers. A thermocouple was also
inserted in the glass containers to observe internal tem-
perature of honey. The sample was kept in the water bath
for stipulated time after the required internal temperature
had been achieved and then cooled to 20 °C in an ice bath.
HMF content, diastase and invertase activity of these
samples were evaluated in duplicate.

HMF content

HMF was determined by using sodium bisulphite and
carrez reagents (I and II) in the honey samples (Interna-
tional Honey Commission 2009). The absorbance of the
sample solution against the reference solution at 284 and
336 nm was determined in quartz cuvette by using spec-
trophotometer (Hach Lange DR6000 UV-VIS Spec-
trophotometer, Germany). The results were expressed in
mg/kg.

Diastase activity

Diastase activity was calculated spectrophotometrically
(Hach Lange DR6000 UV-VIS Spectrophotometer, Ger-
many) as per International Honey Commission (2009)
using a buffered solution of starch and honey. Results were
represented as DN per gram of honey.

Invertase activity

Invertase activity was measured using International Honey
Commission (2009) method. p-nitrophenyl-a-p-glucopyra-
noside (pNPG) was used as a substrate which was
decomposed by invertase present in the honey into p-ni-
trophenol and glucose. To stop the enzymatic reaction pH
was adjusted to 9.5 and measured at 400 nm with spec-
trophotometer (Hach Lange DR6000 UV-VIS Spec-
trophotometer, Germany). Invertase activity of honey
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samples was determined by multiplying the absorbance
with a factor of 21.64 and expressed as invertase number
(IN).

Experimental design

Response surface methodology (RSM) was adopted for the
design of experimental combinations using Design-Export
version 10.0.3.1 (Statease Inc., Minneapolis, MN, USA) to
investigate the combined effect of three variables temper-
ature (45-55 °C), pH (3.8-5.8) and time (5-15 min) on
three responses (HMF content, diastase and invertase
activity) of honey. Three factor and three levels CCRD
consisting of twenty experimental runs with six replicates
at centre point were used. The data was examined by
multiple regressions using the least square method. The
data was fitted into a second order polynomial equation
which is as under:

Yi = Bo+ BT+ ByP + Bst+ By T + BppP” + B33 C*
+ B T.P+ BTt + PPt

where Yy is response variables (Y, is HMF content, Y, is
diastase activity and Yj; is invertase activity), T, P and t
symbolize the coded independent variables for temperature
(°C), pH and time (min), respectively. The value of the
fitted response at the centre point of the design i.e. (0,0,0)
was Bo. P13 and P;;_33 were the linear and quadratic
regression coefficients respectively whereas B,, Bi3 and
B,3 were cross-product regression coefficients.

Analysis of variance (ANOVA) was used to test of
statistical significance of fitted model. The efficiency of the
model was checked by lack of fit tests and R?. The three-
dimensional graphs from the regression model were gen-
erated from the statistical calculation of regression of
coefficients.

Results and discussion
Pollen morphology

Pollen grains of Coriandrum sativum honey were medium
in size. Pollens obtained from Coriandrum sativum honey
was prolate in shape, size ranged from length
29.8-32.7 um and breadth 11.9-12.7 um, having tricol-
porate aperture, scabrate wall and bilateral symmetry. The
amount of pollen present in honey samples is associated
with the percentage of pollens of the plant from which
nectar has been obtained. Coriander (Coriandrum sativum)
honey contained 48% pollen of Coriandrum sp. confirming
unifloral honey. Atanassova and Kondova (2004) also
observed pollen count > 45% confirming unifloral corian-
der honey from Bulgaria.

For optimizing the process parameters, i.e. temperature,
pH and time to establish the quality parameters of HMF
content, diastase activity and invertase activity CCRD was
used as described by Khuri and Cornell (1987). The
responses of HMF, diastase and invertase activity thus
obtained are shown in Table 1.

Diagnostics checking of the fitted model

On regression analysis for various models, a large value of
correlation coefficient (more than 95%) and a small P value
specified that fitted quadratic models had a significant
effect on the different response variables. Multiple
regression equations were produced relating HMF con-
centration, diastase and invertase activity to coded levels of
the variables.
Models were developed as follows:

Y, = 8.83 + 1.01A +0.52B +2.51C—0.15A%—0.16B>
—0.21C? + 0.26AB + 0.19AC + 0.14BC

Y, = 17.71 — 0.44A + 0.80B — 0.39C — 0.17A>
—0.61B% +0.22C2 + 0.069AC

Y3 = 14.30 4 0.59A + 0.15B 4 1.09C + 0.59A2
—1.15B* — 0.15C% — 0.11AB + 0.43AC

where A is temperature; B is pH; C is time; Y, is HMF; Y,
is diastase activity; Y; is invertase activity.

Linear, quadratic and interaction effects were estimated
for every model. The regression and correlation coefficient
for each model are represented in Table 2. The significant
coefficients of the second order polynomial equation were
calculated from experimental data (Table 2).

The ANOVA revealed the suitability of the quadratic
model to validate significant regression, low residual val-
ues and no lack of fit with coefficients of multiple deter-
minations (R?) is 0.99 for all responses. A higher value of
R? did not mean the adequacy of the model. Consequently,
an adjusted R? of more than 90% were used to calculate the
adequacy of the model. In the present study all the
responses having adjusted R? more than 90%.

The temperature had a positive linear effect on HMF
content and invertase activity, while a negative linear effect
on diastase activity (Table 2). With increase in temperature
(45-55 °C) and time (5-15 min) HMF content increased
significantly. Several researchers (Singh and Bath 1997,
Bath and Singh 1999, 2000) also reported an increase in
HMF at elevated temperature and longer storage time. In
analysed honey samples, temperature showed the negative
quadratic effect on HMF and diastase activity while a
positive quadratic effect on invertase activity. Positive
linear and the negative quadratic effect was also observed
on HMF content, diastase and invertase activity with pH.
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Table 1 Effect of variables (temperature, pH and time) on responses HMF, diastase and invertase activity of coriander honey

Experiment no.

Variable levels

Responses

Temperature (°C) pH Time (min) HMF (mg/kg) Diastase activity (DN) Invertase activity (IN)
A B C

1 45.0 5.8 5.0 5.07 18.88 12.71

2 45.0 38 15.0 9.29 16.33 13.38

3 45.0 5.8 15.0 10.01 18.03 13.89

4 50.0 4.8 10.0 8.74 17.62 14.22

5 50.0 4.8 10.0 8.86 17.72 14.27

6 55.0 3.8 15.0 11.09 15.63 15.69

7 41.6 4.8 10.0 6.69 17.95 14.97

8 55.0 5.8 15.0 12.99 17.28 15.71

9 55.0 5.8 5.0 7.13 17.81 12.87

10 50.0 4.8 10.0 8.81 17.73 14.33

11 50.0 4.8 10.0 8.87 17.72 14.35

12 45.0 38 5.0 4.75 17.19 12.07

13 50.0 6.5 10.0 9.26 17.23 11.17

14 58.4 4.8 10.0 10.14 16.45 16.96

15 50.0 4.8 10.0 8.79 17.72 14.38

16 50.0 4.8 18.4 12.37 17.59 15.79

17 50.0 4.8 1.6 4.15 19.01 11.89

18 50.0 3.1 10.0 7.52 14.67 10.84

19 50.0 4.8 10.0 8.89 17.74 14.26

20 55.0 38 5.0 5.95 16.26 12.59

:;.l E:fe(zi qﬁiﬁgﬁ;:igs;fiiilefgt: Coefficients Estimated coefficients

different responses based on HMF (mg/kg) Diastase activity (DN) Invertase activity (IN)

t-statistic of coriander honey
Intercept 8.83 ks 17.71%%% 14.30%**
A 1,013 — (.44 0.59%%%*
B 0.52%%%* 0.80%%#%* 0.15*
C 2.51%%* — 0.39%#* 1.09%**
A® — 0.15%%* — 0.17%%* 0.59%3#:*
B? — 0.16%%** — 0.61%%* — 1.15%%:*
c? — 0.21%#%* 0.227%%% — 0.15%%*
AB 0.26%%* -0.02 -0.11*
AC 0.197#sk* 0.07* 0.437%%%
BC 0.14* 0.01 - 0.05
R? 0.99 0.99 0.99
Adjusted R* 0.99 0.99 0.99
Predicted R? 0.99 0.98 0.99
Adeq. precision 140.47 87.41 92.62
Lack of fit 0.08 0.07 0.08

Where A: Temperature, B: pH and C: Time

*Significant at P < 0.05; ***Significant at P < 0.0001, df =9

The time depicted positive linear and negative quadratic
effect on HMF content and invertase activity, whereas
negative linear and positive quadratic effect on the diastase
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activity. The effect of temperature and pH was significant
on HMF (P < 0.0001) and invertase activity (P < 0.05).
HMF formation is correlated with free acid content, total
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acidity, lactone content, pH and mineral content (Shapla
et al. 2018). Time and temperature showed a significant
effect (P < 0.0001) on HMF and diastase activity as well
as invertase activity (P < 0.05). pH and time interaction
effect was significant (P < 0.05) on HMF content of
coriander honey. Minimum HMF content (4.15 mg/kg)
while maximum diastase activity (19.01 DN) was observed
at 50 °C, pH value of 4.8 and 1.6 min duration and a
temperature of 55 °C, 5.8 pH and 15 min duration resulted
highest HMF content (12.99 mg/kg). The interaction effect
of temperature and duration of heating on HMF formation
was also highly significant (Bath and Singh 1999) in dif-
ferent Indian honey types. Diastase (14.67 DN) and
invertase (10.84 IN) activity was lowest at 50 °C, 3.1 pH
and 10 min. Maximum invertase (16.96 IN) activity was
observed at a temperature of 58.4 °C, 4.8 pH and 10 min.

Analysis of variance

Second order polynomial model was satisfactory fitted as
depicted in ANOVA (Table 3). F value test was carried out
to check the significance of the model. The F value of
coriander honey for HMF content, diastase activity and
invertase activity were 1461, 453.84 and 617.52, respec-
tively. On the basis of F value, it may be concluded that
these models sufficiently represented the experimental data
for HMF content, diastase and invertase activity.

Conditions for optimum responses
The contour plots for each response were achieved by

choosing two independent variables and the third one has
the value of the optimum response.

HMF content

HMF is an important component, which is an indicator of
purity and freshness of honey; hence, it is used to assess
storage time and overheating. Linear terms of variables like
temperature, pH and time (Table 2) had a strong significant
effect on HMF content (P < 0.0001) and the coefficient of
determination (Rz) of the fitted model was 0.99.

The surface plot of HMF content as a function of tem-
perature and pH at the constant time indicated that HMF
concentration increased as temperature increased from 45
to 55 °C (Fig. la) of honey samples. Whereas, at the
constant pH, an increase in the concentration of HMF
content was observed as the time passed from 5 to 15 min
(Fig. 1b). At a constant temperature, as pH increased from
3.8 to 5.8 an increase in the HMF concentration (Fig. 1c)
was observed. These results were in close agreement with
Nanda et al. (2006). Visquert et al. (2004) also observed an
increase in the HMF content with an increase in tempera-
ture without pH. The reason to increase in HMF content
could be acid catalyzation and dehydration of hexose sugar
with fructose and diastase (Yilmaz and Kufrevioglu 2001;
Nafea et al. 2014). The heat treatment is not only the
reason for increase in HMF, some other factors may also
affect HMF, like presence of organic acids, moisture con-
tent, sugar profile, pH, water activity (a,) and floral source
of the honey (Castro-Vazquez et al. 2007; Barra et al. 2010;
Tornuk et al. 2013).

Diastase activity

Diastase present in honey breaks down starch or glycogen
into smaller sugars (Bogdanov et al. 2008). The diastase

Table 3 ANOVA for response

surface quadratic model of Responses Source of variation SS df MS F value P>F
coriander honey HMF Model 105.940 9 11770 1461.000 < 0.0001
Residual 0.081 10 0.008
Lack of fit 0.064 0.013 0.077
Pure error 0.016 0.003
Corr. total 106.020 19
Diastase activity Model 20.130 9 2.240 453.840 < 0.0001
Residual 0.049 10 0.005
Lack of fit 0.040 0.008 0.074
Pure error 0.009 0.001
Corr. total 20.180 19
Invertase activity Model 49.990 9 5.550 617.520 < 0.0001
Residual 0.090 10 0.009
Lack of fit 0.070 0.010 0.084
Pure error 0.019 0.003
Corr. total 50.080 19

SS sum of squares, df degree of freedom, MS mean square
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Fig. 1 Response surface plot of HMF content as a function of a temperature and pH, b temperature and time, ¢ time and pH of coriander honey

activity of honey is correlated to the plant taxa and envi-
ronmental conditions of the State. Linear terms of variables
like temperature, pH and time (Table 2) had a strong sig-
nificant effect on diastase activity (P < 0.0001) and the
coefficient of determination (Rz) of the fitted model was
0.99.

The surface plot of diastase activity at a constant time
and as a function of temperature and pH designated that
initially, diastase activity increased with increase in pH
whereas a further increase in pH resulted in a decrease in

@ Springer

diastase activity (Fig. 2a). The present results were com-
parable with the results of various workers (Babacan et al.
2002; Nanda et al. 2006; Babacan and Rand 2007), which
revealed that there is a fall in diastase activity as the pH
shifted from 4.6 to 5.6. At low pH with an increase in
temperature, a small change in diastase activity was
observed (Fig. 2a), whereas at higher pH there was a sharp
decline in diastase activity with elevation in the tempera-
ture. Figure 2b; revealed that diastase activity decreased
with increase in temperature and time in honey samples. It
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Fig. 2 Response surface plot of diastase activity as a function of a temperature and pH, b temperature and time, ¢ time and pH of coriander

honey

is also observed from the Fig. 2c that at a constant tem-
perature, diastase activity increased with increase in pH.

Invertase activity

Invertase is responsible for most of the chemical changes
occur at the time of conversion of the nectar to honey as
well as converts sucrose into glucose and fructose (Bog-
danov et al. 2008). Invertase is generally available in a
small amount, which differs with a botanical source of the
honey, and is inactivated by heating (Babacan and Rand
2005). Linear terms of variables like temperature, pH and

time (Table 2) had a strong significant effect on invertase
activity and the coefficient of determination (Rz) of the
fitted model was 0.99.

Maximum invertase activity was observed at 4.8 pH
(Fig. 3a) which is the optimum pH of invertase (Sacan and
Yanardag 2012). The surface plot of invertase activity
(Fig. 3b) of honey also revealed that invertase activity is
highly influenced by both the variables, i.e. temperature
and time. It is observed from the Fig. 3c that at a constant
temperature, invertase activity increased with increase in
pH.
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Fig. 3 Response surface plot of invertase activity as a function of a temperature and pH, b temperature and time, ¢ time and pH of coriander

honey
Optimization of independent variables

The process of optimization of all three process variables
were obtained by keeping these variables in range viz.
temperature, pH and time in the range of 45-55 °C, 3.8-5.8
and 5-15 min, respectively. Literature reveals that HMF
content between 5 and 12.99 mg/kg, diastase activity
between 9 and 16.52 DN and invertase activity between 10
and 15.78 IN were acceptable. A minimised concentration
of HMF and maximised levels of diastase activity and
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invertase activity were considered for the optimization
process.

The solution was obtained by applying desirability
method; the solution was achieved for the optimum cov-
ering criteria with a desirability value of 0.851 of coriander
honey. The final optimum conditions for HMF
(5-12.99 mg/kg), diastase activity (9-16.52 DN) and
invertase activity (10-15.78 IN) were computed. The
optimum conditions were experimentally tested and
obtained HMF content of 7.78 mg/kg, diastase activity of
17.95 DN and invertase activity of 13.96 IN of coriander
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honey. These experimental values at the optimum reaction
conditions were in good agreement with the predicted
values.

Conclusion

Under the present investigation, the RSM was used and
found very useful for optimization of HMF content, dias-
tase activity and invertase activity. Optimized values of
HMF content, diastase activity and invertase activity were
obtained as 7.78 (mg/kg), 17.95 DN and 13.96 IN,
respectively at 47.5 °C (temperature), 4.7 (pH) and 9 min
(time). It may be concluded that the values obtained under
the present study were found within the range of prescribed
limits for these parameters.
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