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Abstract

The physical parameters like pH, electrical conductivity, specific gravity, colour, optical density,
refractive index, moisture content, total solids, total soluble solids and ash content were analyzed in all
stingless bee honey and A. cerana honey samples collected from different geographical locations of
Karnataka and Kerala. The pH, EC, colour, optical density, moisture and ash content was higher in
stingless bee honey than the A. cerana honey with the mean values of about 4.84, 1.32 dS/m, 150 mm
pfund value, 1.231, 23.34% and 0.172%, respectively. The remaining parameters like specific gravity,
refractive index @ 20 °C, total solids and total soluble soilids were highest in A. cerana honey than the
stingless bee honey with the mean value of about 1.43, 1.484, 79.89% and 76.17%, respectively. The
floral resources and geographic origins of the honey can result in significant variations of honey quality
parameters.

Keywords: Apis cerana, stingless bee, honey, physical parameters

Introduction

Honey is known as "Nature's Ointment" because honeybees collect nectar from flowers and
convert it into a product that is a healthier alternative to cane sugar. Honey is a semi-liquid
substance made up of a complex mixture of sugars and water as the primary ingredients. A
slew of other constituents that gives unique characteristics of honey such as taste and flavour.
Enzymes, vitamins, minerals, pigments, natural physiologically active chemicals, organic
acids and various lactones are the most significant components. People have been consuming
it as the most delicious and trustworthy sweetener without processing for a long time,
according to evidence from civilization remnants (Da Silva et al., 2016) ™. The floral source,
geographic variables (seasonal and environmental factors) and processing techniques all have
an impact on the composition of honey (Alvarez-Suarez et al., 2010) 2. Stingless bee honey is
an important product that has been used for centuries by indigenous communities in tropical
regions of the world for its medicinal and nutritional properties. Stingless bee honey has been
shown to have a range of medicinal properties, including antibacterial, anti-inflammatory,
antioxidant, and antifungal effects. It is traditionally used to treat a variety of ailments,
including respiratory problems, skin infections, digestive disorders and even cancer. Overall,
stingless bee honey is an important product that provides both nutritional and medicinal
benefits, while also being sustainable and environmental friendly. The physicochemical
features of stingless bee honey are not well explored. As a result, the current study's goal is to
compare the physical features of stingless bee honey to honey from Apis cerana.

Material and Methods

The physical properties such as pH, electrical conductivity (dS/m), specific gravity, colour-
pfund values (mm), optical density, refractive index, moisture content (%), total solids (%),
total soluble solids ("Brix) and ash content (%) of stingless bee honey and A. cerana honey
collected from twelve different locations of Karnataka (nine) and Kerala (three) were
determined at the post graduate laboratory, Department of Apiculture and Department of Plant
Biotechnology, UAS, GKVK, Bengaluru. A total of 24 samples (twelve each of Tetragonula
sp. and Apis cerana) were examined. Places like Kannur, Muliyar, Badiyadka, Shivamogga,
Chikkamagaluru, Ponnampet, Ballari, Raichur, Panaje, Darbe, GKVK and Sullia were the
locations chosen for the collection of both stingless bee honey and Apis cerana honey.
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pH

A representative sample of 10 gram of honey was drawn from
each replication of honey samples collected from the specific
locations and were dissolved in 50 ml of distilled water. The
pH was recorded directly from the pH meter.

Specific gravity

Specific gravity of each representative sample of honey was
estimated by using a specific gravity bottle and
thermostatically controlled water-bath, which was maintained
at 271 °C. The empty specific gravity bottle was cleaned,
dried thoroughly and weighed (A). After that, the distilled
water was filled, which was maintained at 27+1 °C upto the
mark and weighed (B). Further, the water was removed from
the bottle, dried and refilled with the collected honey sample
upto the mark and its weight was recorded (C). The specific
gravity of the honey sample was calculated by using the
following formula as per the methodology suggested by
Anon. (1974) B,

C-A
B-A

Specific gravity at 27 °C =

A = Mass of empty specific gravity bottle (g)
B = Mass of specific gravity bottle with water (g)
C = Mass of Specific gravity bottle with honey sample (g)

Electrical conductivity (EC)

Ten gram of each honey samples was dissolved thoroughly in
a beaker having 25 ml of distilled water and fed to EC cells of
electric conductivity apparatus. The readings were expressed
as deci-Siemens per meter (Anon., 1974) El,

Pfund - Colour

The colour of each representative sample of honey was
recorded by using honey colour analyser (Hanna instruments)
based on pfund scale readings.

Ash content

The ash content in the different honey samples was estimated
by burning 10 g of each honey sample with a few drops of
pure olive oil in a silica or platinum dish and then it was
ignited in a Muffle furnace @ 600+20 °C till white ash was

obtained and finally the contents were weighed (Anon., 1990)
[
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_ 100 (M2-My)
Ash percent by mass = —(Ml-M)
M = Mass (g) of empty dish

M; = Mass (g) of the dish with material taken for test
M = Mass (g) of the dish with ash

Moisture Content
The moisture content of collected honey samples was
determined by using a refractometer.

Optical Density

Two gram of each representative honey sample was weighed
in a small beaker and dissolved in distilled water. The volume
was made upto 10 ml by using a 10 ml measuring cylinder.
The colorimeter was adjusted with distilled water in a cuvet at
‘0’ absorbance or 100 per cent transmittance at 600 nm. The
honey solution was taken in a cuvet and the absorbance was
read directly as the per cent transmittance at the same
wavelength (Anon., 1974) B,

Optical density = 2 - log per cent transmittance

Refractive index
The refractive index of honey samples was determined by
using Abbe refractometer at ambient temperature.

Total soluble solids (°Brix)

Total soluble solids (TSS) of the different honey samples
were directly measured by using a hand refractometer and the
results were expressed in °Brix.

Total solids (%0)

The total solids content (TS) of the different honey samples
were determined by using the formula given by Anon. (1990)
[l and it was expressed in percentage.

TS (%) = 100 - moisture content

Results

The physical parameters of total 24 honey samples (twelve
each of Tetragonula spp. and Apis cerana) were examined
(Tablel& 2) (Fig. 1, 1a, 2 & 2a).

Table 1: Physical parameters of stingless bee honey and Apis cerana honey collected from different parts of Karnataka and Kerala during 2021-

L ocations pH EC Specific gravity pfund values Refractive index @ 20 °C
SBH | ACH | SBH | ACH | SBH | ACH SBH | ACH SBH | ACH
A) Kerala
Kannur 4749 | 5218 | 0.42 0.80 1.457° | 1.393" | 114.33° 56.67 1.482% 1.48320¢
Muliyar 4.85° | 5.06° | 2.392 | 1.32¢ 1.411¢ 1.4419 | 101.33¢ 43.004 1.472% 1.4744
Badiyadka, Kasargodu 4.849 | 4,02 0.51! 1.21¢ | 1.4229 | 1.438¢ | 150.00% | 108.00° 1.478» 1.4800¢
B) Karnataka
Shivamogga 4.85° | 428" | 1.16° | 1.94° | 1.438° | 1.431°¢ | 150.00* | 53.009 1.466° 1.483
Ponnampet, Kodagu 5,012 | 5.12° | 234> | 1.45° | 1.3839 | 1.458° | 150.00? 59.67¢ 1.477% 1.485%
Chikkamagaluru 472" | 498¢ | 093" | 1.12f | 1.3829 | 1.350' | 150.00° | 48.00" 1.488% 1.4872
Ballari 491° | 401 0.659 | 0.89' 1.304) 1.4942 | 150.002 32.67¢ 1.468° 1.487¢
Raichur 4,849 | 3,95 1.269 | 0.91 1.370" 1.423F | 150.002 45.00i 1.4742 1.478cd
Panaje, Dakshina Kannada 473" | 4579 | 056" | 0.999 | 1.469% | 1.4129 | 150.00? 87.67°¢ 1.4902 1.4882
Darbe, Dakshina Kannada | 4.83° | 4.80F | 2.05° | 0.95" | 1.352" | 1.481° | 150.00* | 150.00° 1.473% 1.489?
Sullia, Dakshina Kannada 4817 | 4.82F | 1259 | 1.019 | 1.412° 1.423" | 150.00? 88.00°¢ 1.247°¢ 1.4922
GKVK, Bengaluru 491° | 490° | 2.32° | 2.74% | 1.394F | 1.4119 | 150.00% 66.00¢ 1.473b 1.479¢
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Mean 4.84 4.64 1.32 1.28 1.400 1.430 142.97 69.81 1.457 1.484
S.D. 0.004 | 0.007 | 0.022 | 0.011 | 0.002 0.003 0.197 0.331 0.005 0.001
SEm+ 0.003 | 0.005 | 0.016 | 0.008 | 0.001 0.002 0.139 0.234 0.004 0.001
CD @ p=0.01 0.009 | 0.014 | 0.047 | 0.023 | 0.003 0.006 0.411 0.690 0.011 0.002

* Values in the column followed by common letters are not significantly different at p=0.01 as per Tukey“s HSD (Tukey, 1965);

Table 1a: Physical parameters of stingless bee honey and Apis cerana honey collected from different parts of Karnataka and Kerala during

2021-22
Locations Optical density Mmstu(z;);;ontent Total solids (%) ;Olfgls S(f,’é”r?)'g Ash content (%)
SBH | ACH SBH | ACH SBH | ACH SBH | ACH SBH | ACH

A) Kerala
Kannur 0513 [ 0.337° [ 21.67% | 20.23° [ 79.20° [ 79.47¢ | 75.83* | 7550 | 0.086°% [ 0.139¢
Muliyar 0.280' | 0.150% | 24.85%¢ | 23.80* | 76.37% | 76.609 | 74.80° | 74.33¢ | 0.096%% | 0.065

Badiyadka, Kasargodu 0.740 0.287%¢ 21.93% 19.20¢% 77.134 78.40° | 74.00¢ | 76.16° 0.1479% 0.164°
B) Karnataka

Shivamogga 0.8879 | 0.187%k 25.60® | 19.33% | 76.20° 80.33¢ | 73.80° | 76.33° 0.0359 0.142¢
Ponnampet, Kodagu 2,977 | 0.123% 23.53%d | 19.34% | 76.53% 81.13" | 74.01* | 76.50° 0.5452 0.1942
Chikkamagaluru 0.767" | 0.110% 20.27¢ 19.25% 81.40° 81.20° | 73.33° | 78.50° | 0.134%" | 0.1139
Ballari 1.387¢ | 0.110% 26.732 19.47¢ 73.27" 81.27° | 69.17°¢ | 76.17° 0.236° 0.121¢
Raichur 2,923 | 0.137% 24.47° | 22.87° 75.601 77.47° 70.17¢ | 75.17¢ 0.222° | 0.150°

Panaje, Dakshina Kannada | 1.067F | 0.230°% 18.67f 18.60% 82.332 81.47®% | 76.172 | 78.00% | 0.167¢ 0.093!
Darbe, Dakshina Kannada 1.440¢ 0.4902 24.873¢ 18.208 75.139 81.932 70.15¢ 75.83bc 0.082f9 0.102"
Sullia, Dakshina Kannada 1.233¢ 0.323° 23.30%d 19.03% 76.43% 81.502 73.43° 76.23° 0.092¢f9 0.121f

GKVK, Bengaluru 0.553 0.100¢ 24.20° | 21.60° | 75.80° | 77.93¢" | 73.27¢ | 75.33% | 0.227° | 0.125°
Mean 1.231 0.215 23.34 20.07 77.12 79.89 73.18 76.17 0.172 0.127

S.D. 0.005 0.033 0.572 0.261 0.326 0.263 0.362 0.283 0.027 0.002

SEmzx 0.003 0.023 0.404 0.184 0.231 0.186 0.256 0.200 0.019 0.001

CD @ p=0.01 0.010 0.069 1.193 0.544 0.680 0.549 0.755 0.591 0.057 0.003

* Values in the column followed by common letters are not significantly different at p=0.01 as per Tukey"s HSD (Tukey, 1965);
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Fig 1: Physical parameters of Stingless bee honey collected from different locations of Karnataka and Kerala
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Fig 1a: Physical parameters of Stingless bee honey collected from different locations of Karnataka and Kerala
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Fig 2: Physical parameters of Apis cerana honey collected from different locations of Karnataka and Kerala
~3031"


https://www.thepharmajournal.com/

The Pharma Innovation Journal

https://www.thepharmajournal.com

w Moisture content (%) = Total solids (%)

& ah iy % Lo
> o b pex R )
& & ¢ & & &
& <2 & &
® S 3° e
o

i Total soluble solids (oBrix) 1 Honey colour

Fig 2a: Physical parameters of Apis cerana honey collected from different locations of Karnataka and Kerala

pH

Honey is naturally acidic due to organic acids and its pH
varies based on factors such as origin, soil conditions and
mineral content. In a study, stingless bee honey from
Ponnampet had the highest pH (5.01) and A. cerana honey
from Kannur had the highest pH (5.21). The mean pH of A.
cerana honey (4.64) was lower than that of stingless bee
honey (4.84). Variations in pH can affect honey's physico-
chemical properties and preservation against microbial
spoilage. Hence, analyzing honey pH is essential to evaluate
its quality and safety.

EC

The electrical conductivity of honey is related to its
concentration of mineral salts, organic acids, and proteins and
is useful for determining its floral origin and purity. Stingless
bee honey had an electrical conductivity range of 0.42-2.39
dS/m (1.32 dS/m), with the highest values in Muliyar (2.39
dS/m), Ponnampet (2.34 dS/m), and GKVK (2.32 dS/m)
samples. A. cerana honey had an electrical conductivity range
of 0.80-2.74 dS/m (1.28 dS/m), with the highest values in
GKVK (2.74 dS/m), Shivamogga (1.94 dS/m) and Ponnampet
(1.45 dS/m) samples. The lowest electrical conductivity value
was recorded in Kannur honey for both stingless bee (0.42
dS/m) and A. cerana honey (0.80 dS/m).

Specific gravity

The specific gravity of honey is an important physical
characteristic that depends on its water content and is used to
express its density. Stingless bee honey had a specific gravity
range of 1.304-1.469 (1.400), while A. cerana honey had a

range of 1.350-1.494 (1.430). The maximum specific gravity
of stingless bee honey was 1.469 in Panaje, while the
maximum for A. cerana honey was 1.494 in Ballari. The
minimum specific gravity for Kannur and Chikkamagaluru
honey was 1.393 and 1.350, respectively.

pfund values (Colour)

The color of honey is an important characteristic that
contributes to its appearance. Stingless bee honey is generally
darker in color compared to A. cerana honey. The pfund
values of stingless bee honey ranged from 101.33 mm to
150.00 mm with the mean value of 142.97 mm, with most
samples being classified as "Dark amber". The pfund values
of A. cerana honey ranged from 32.67 mm to 150.00 mm with
the mean value of 69.81 mm, with some samples being
classified as "Light amber" and others as "Extra light amber".

Optical density

Optical density is an important factor in determining the
colour and freshness of honey. In this study, the optical
density of stingless bee honey ranged from 0.513 - 2.977
(1.231), with Ponnampet honey having the highest optical
density of 2.977, followed by Raichur, Darbe, Ballari, and
Sullia. The optical density of A. cerana honey ranged from
0.100 - 0.490 (0.215), with Darbe honey having the highest
optical density. The optical density values of Panaje,
Shivamogga, Muliyar, Raichur, Ponnampet, Ballari and
Chikkamagaluru were statistically similar. GKVK honey had
the lowest optical density. Overall, optical density values can
provide important information about the colour and freshness
of honey.
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Refractive index

Refractive index is an important characteristic of honey and
can be used to determine its moisture level. The refractive
index of stingless bee honey ranged from 1.247 — 1.490
(1.457), with Panaje and Chikkamagaluru honey having the
highest values. The refractive index of A. cerana honey
ranged from 1.474 — 1.492 (1.484), with Sullia honey having
the highest value.

Moisture content

Moisture content is an important factor that affects honey
quality. The moisture content of stingless bee honey ranged
from 18.67 - 26.73% (23.34%), with Ballari honey having the
highest moisture content and Panaje sample having the
lowest. The moisture content of A. cerana honey ranged from
18.20 - 23.80% (20.07%), with Muliyar honey having the
highest moisture content and Darbe honey having the lowest.

Total solids

Total solids in honey measure the combined contents of all
inorganic and organic substances. It can be used to determine
the purity and cleanliness of honey. The total solids of
stingless bee honey ranged from 73.27% to 82.33%, with the
highest values found in Panaje and Chikkamagaluru. The total
solids of A. cerana honey ranged from 76.60% to 81.93%,
with the highest values found in Darbe and Sullia.

Total soluble solids (TSS)

The total soluble solids of honey vary depending on the types
and amounts of sugars present, which are influenced by the
source of the nectar. The total soluble solids of stingless bee
honey ranged from 69.17% to 76.17% with the mean value of
77.12% and highest TSS found in Panaje and Kannur
samples. The total soluble solids of A. cerana honey ranged
from 74.33% to 78.50% with the mean value of 73.18% and
highest levels found in Chikkamagaluru and Panaje samples.
Soluble solids in honey include sugars, organic acids, and
minerals.

Ash content

The ash content of honey is an important factor that affects its
quality. The ash content of stingless bee honey ranged from
0.227% to 0.545% (0.172%), with Ponnampet having the
highest ash content and Shivamogga having the lowest. The
ash content of A. cerana honey ranged from 0.065% to
0.194% (0.127%), with Ponnampet having the highest and
Muliyar having the lowest.

Discussion

The results of the present investigations were supported by
Anusha et al. (2020) I, the pH of stingless bee honey ranged
from 3.7+£0.00 to 5.92+0.02 whereas the pH of A. cerana
honey samples ranged from 3.00+0.02 to 4.67+0.02. The
electrical conductivity (mS/cm) of stingless bee honey was
0.94+0.01 to 2.51+0.06 and honey from Apis sp. ranged
between 0.16+0.00 to 1.08+0.00. The moisture content (%) of
stingless bee honey was 15.0+0.06 to 30.0+0.06 whereas the
Apis honey had moisture content from 18.10+0.15 to
40.30+0.20. Since the nectar's pH and the soil's conditions
have a significant impact on the honey's physico-chemical
properties, the floral and geographic origins of the honey can
result in significant pH variations (Wang, 2011) ©l. Biluca et
al. (2016) *°, Nweze et al. (2017) B and Cardona et al.
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(2019) P! who reported that stingless bee honey has higher
moisture content as compared to A. cerana honey. According
to Hanson (1951) [9 honey is both hygroscopic and
hygrophobic, and its water content rises as relative humidity
rises. Honey begins to ferment as its moisture level rises.
Honey contains sugars, organic acids, and minerals as soluble
solids. The value of total soluble solids parameter illustrates
the connection between the water and sugar content (Biluca et
al., 2016) M1, Because stingless bee honey contains more
water and less sugar than Apis cerana honey. Nordin et al.
(2018) 1 and Asaduzzaman et al. (2015) [*2 who reported
that the ash content is highest in stingless bee honey as
compared to others. The mineral concentration of honey is
correlated with its ash level, which is influenced by the nectar
of the plant sources. The initial nectar-producing plant
collects minerals from the earth, and these minerals
eventually end up in the nectar (Felsner et al., 2004) 131, Ash
content is an important standard for determining the botanical
origin of honey. There have been claims that the variations in
ash composition are caused by the floral origin (Johnson et
al., 1950) (14,

Conclusion

The results showed higher variability in the composition of
honey from stingless bees of different species, predominantly
flowering and geographical origin. The geochemical and
geographical differences were probably related to the
variations of the physico-chemical components of honey
samples.

Acknowledgement

The authors are thankful to the Department of Agricultural
Entomology/ Apiculture/Biotechnology, UAS, Bangalore for
providing research facilities, besides Department of Science
and Technology for financial support in the form of DST-
INSPIRE fellowship awarded to the first author to conduct
this study.

References

1. Da Silva PM, Gauche C, Gonzaga LV, Costa AC, Fett R.
Honey: Chemical composition, stability and authenticity,
Food Chemistry. 2016;196:309-323.

2. Alvarez-suarez JM, Tulipani S, Romandini S, Bertoli S,
Battino M. Contribution of honey in nutrition and health.
Mediterr. J. Nut.r Metab. 2010;3:15-23.

3. Anonymous. Indian standard specifications for extracted
honey (first revisions) IS: 4941-4974, Indian Standard
Institution, New Delhi, 1974, 16.

4. Anonymous. AOAC-Association of Official Analytical
Chemists, Official methods of analysis. 15th edition.
AOAC: Arlington, VA, USA, Inc; ¢1990.

5. Anusha VC, Saravanan PA, Kumar BV, Rajendran L,
Raja P. Physicochemical properties of stingless bee
honey in comparison with Apis honey. Ann. Plant Prot.
Sci. 2020;28(2):112-114.

6. Wang J. Chemical composition, characterization and
differentiation of honey botanical and geographical
origins. Adv Food Nutr Res. 2011;62:89-137.

7. Abebe BA, Megerssa AT. Assessment of post-harvest
handling and quality of honeybee products along the
value chain in SNNPR, Ethiopia. Int. J Agric. Food Sci.
2021;3(2):28-35.

DOI: 10.33545/2664844X.2021.v3.i2a.54

~3033 7™


https://www.thepharmajournal.com/

The Pharma Innovation Journal

8.

10.

11.

12.

13.

14,

15.

Nweze JA, Okafor JI, Nweze El, Nweze JE. Evaluation
of physicochemical and antioxidant properties of two
stingless bee honeys: a comparison with Apis mellifera
honey from Nsukka, Nigeria. BMC research notes.
2017;10(1):1-6.

Cardona Y, Torres A, Hoffmann W. Colombian stingless
bee honeys characterized by multivariate analysis of
physicochemical properties. Apidologie. 2019;50(6):881-
892.

Hanson A. The properties of rape honey. Onrd Bitidskr.
1951;3:32-45.

Nordin A, Sainik NQAV, Chowdhury SR, Saim AB,
Idrus RBH. Physicochemical properties of stingless bee
honey from around the globe: A comprehensive review.
J. Food Compos. Anal. 2018;73:91-102.

Asaduzzaman M, Rahman MS, Munira S, Rahman MM,
Islam M, Hasan M, Islam MA. Analysis of biochemical
composition of honey and its anti-oxidant, phytochemical
and anti-bacterial properties. J. Biomed. Pharm. Res.
2015;4(4):69-81.

Felsner ML, Cano CB, Bruns RE, Watanabe HM,
Almeida-Muradian LBD, Matos JDR. Characterization of
monofloral honeys by ash contents through a hierarchical
design. Food Compost Anal. 2004;17(6):737-747.
Johnson LE, Wright A, Chapman RA. Honey and honey
dew. Can. Bee J.1950;58(5):4-5.

Biluca FC, Braghini F, Gonzaga LV, Costa ACO, Fett R.
Physicochemical profiles, minerals and bioactive
compounds of stingless bee honey (Meliponinae). J Food
Compos. Anal. 2016;50:61-69.

~3034 7™

https://www.thepharmajournal.com



https://www.thepharmajournal.com/

