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Abstract: Honey is one of the very well-known bee products which have been exploited medicinally since
ancient times. It has been used for enhancing the human health in many possible ways due to their nutritional
and therapeutic values. Honey is used traditionally for treating burns and wounds which are pathogenic
infected. It is a proven natural energy giving food and an excellent immunity builder, packed with anti-oxidants
and flavonoids, which help reduce cancer and heart ailments. The natural Apis honey and Trigona honey
samples collected from different geographical areas were selected for biochemical and anti-oxidative activities.
The antagonistic property of honey samples against two gram positive and two gram negative bacteria was
determined. The results revealed that the comparison of the Apis (AH1, AH2 and AH4) and Trigona (TH1)
honey  samples  showed  significant  levels  of  biochemical,  antioxidative and antimicrobial characteristics.
From this it is evident that these samples can be used as natural bee products for curing different ailments and
quoting it as Back to nature.
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INTRODUCTION important role in providing antioxidant and antibacterial

Honey is the dehydrated form of nectar collected and depend largely on the type of floral sources [7, 8]. The
processed by honey bees from plants [1]. Nectar is antagonistic property (bacteriostatic and bactericidal) of
converted into honey, which requires necessary changes honey mostly against Gram positive bacteria has been
in  nectar  composition [2]. With the help of essential reported [9]. It might be because of the acidity and
enzymes being introduced into nectar complex sugars are hyperosmotic effects of highly concentrated sugar
broken down into simple sugars and then into acids [3]. content in honey [10, 11 and 12]. Honey with water works
The acidity of honey varies from 3.2 to 4.5 which are out the best as both combine to form hydrogen peroxide
mainly due to the presence of gluconic acid, commonly (produced by the honey, glucose oxidase) which acts
found acid in honey [2]. Honey contains a wide range of against pathogens [9]. Honey shows both peroxide and
amino acids like proline, phenylalanine and aspartic acid non-peroxide antibacterial action [13]. These properties
in greater concentration than 200 ppm composition [4]. make honey a natural food preservative [14]. The
Honey is a source of carbohydrates containing 80% of inhibitory action is seen against a wide spectrum of
natural sugar: mostly glucose and fructose, 18% water bacterial pathogens [15]: aerobes, anaerobes, Gram
and 2% minerals, vitamins, pollen and protein. Vitamins positive and Gram negative [16]. Honey has been proven
found in honey are namely thiamin, B , niacin, riboflavin, to have antifungal [17] and antiviral activities [18, 19] top.6

pantothenic acid and certain amino acids. The antimicrobial activity is mainly due to its low pH,
Honey is a very well-known product from bees for osmolarity  [20]  and  hydrogen  peroxide  accumulation

pathogen infected wounds and burns [5]. It plays an [21, 22]. 

effects [6]. The amount and type of antioxidants in honey
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There  are  various studies carried out on the was added and the mixture was left to cool. The
biochemical analysis, antioxidative and antimicrobial absorbance  was  read  after  45  minutes   at   510  nm.
activity on honey samples collected from different 0.032 mg.mL  solution of proline was taken as a standard
geographical locations of the world. This particular study and  proline  content was calculated using the formula.
focuses on the comparison of the biochemical, The process was carried out in triplicate and the mean
antioxidative and antimicrobial activity of Apis and values were expressed in mg.Kg .
Trigona honey samples collected from different
geographical locations of India. Total Phenolic Content: The total phenolic content of the

MATERIALS AND METHODS solution (0.1 g.mL ) mixed with 2.37 mL of distilled water

Sample Collection: For the present study six honey added to it (Folin-Ciocalteu Method). The mixture was
samples were collected, of which four honey samples mixed by vortexing and incubated for 2 minutes at room
(AH1, AH2, AH3 and AH4) were collected from Apis temperature.  450  µL   of   sodium   carbonate  solution
species, two honey samples (TH1 and TH2) were (0.2 g.mL ) was added to the reaction mixture, followed
collected from Trigona species. All the honey samples by incubation for 2 hours at room temperature. The
collected from the beekeepers were filtered through triple absorbance was read at 765 nm. The test was carried out
fold muslin cloth and stored in airtight plastic containers for each honey sample in triplicate and the mean values
at 35°C. were calculated and expressed in mg/GAE per 100 grams

Biochemical Analysis of Honey Samples
Protein Estimation by Lowry’s Method: The protein Anti-Oxidative Properties of Honey Samples
content present in honey samples was estimated by Ferric Reducing Antioxidant Power (FRAP) Assay:
Lowry’s method [23] and reagent solutions A, B, C and D Oyaizu [24] method was followed to determine the FRAP
were freshly prepared. Solution A was prepared by adding assay  of  the honey samples. To 1 mL of honey sample,
2% Na Co in 0.1N NaOH, Solution B by adding 1% 2.5 mL of phosphate buffer (0.2 M, pH 6.6) and 2.5 mL2 3

sodium potassium tartarate in distilled water; Solution C potassium ferric cyanide (1%) was added and incubated
by adding 0.5% CuSo .5 H o in distilled water and for 20 minutes at room temperature. 2.5 mL of tricholoro4 2

Solution D (Lowry’s buffer) by adding 48 ml of A, 1 ml of acetic acid (10%) was added and centrifuged at 3000 rpm
B and 1 ml of C. For the preparation of phenol reagent, 1 for 10 minutes. After centrifugation 2.5 mL of the
part Folin-Phenol [2N]: 1 part water was taken. Bovine supernatant was taken and mixed with 2.5 mL of distilled
Serum Albumin, 1 mg.mL  was considered as a protein water and 0.5 mL of ferric chloride. Then the absorbance1

standard. 0.1 mL of bee product sample with 0.9 mL of was read at 700 nm. The test was carried out in triplicate
distilled water was taken in test tubes where 2 mL of for each honey sample and the mean values were
Lowry’s buffer  was  added  to  each  and  incubated for expressed in mg.mL .
10 minutes at room temperature; later 0.2 ml of FC reagent
was added to each test tube. After 30 minutes of Anti-Radical Scavenging  Activity  by   DPPH  Assay: 2,
incubation, the observance of each sample was read at 2-diphenyl-1-picrylhydrazyl (DPPH) was used to
660 NM. The process was carried out in triplicates and the determine the antiradical scavenging activity of the honey
mean values were represented in µg.gm . samples. A  series  of  test  tubes  were  taken. To each1

Proline Content Estimation of Honey Samples: For the followed by 600 µL of ethanol and 200 µL of DPPH
present study 0.5 mL of each honey sample (0.05 g.mL ) solution (394.32 g.Mol ). The mixtures were mixed by1

was taken with 1 mL of formic acid (80%) and 1 ml of vortexing  vigorously  for 2 minutes later incubated it for
Ninhydrin solution (0.2 g in 100 mL of rectified spirit) in 30 minutes at room temperature in dark condition.
the  test  tubes. Then it was shaken vigorously for about Absorbance  was  read  at  517  nm  using   the  control
15 minutes, followed by placing the tubes in a boiling hot (800 µL ethanol and 200 µL of DPPH). The antiradical
water bath for 15 minutes and then transferred to a 70°C scavenging activity of all honey samples was calculated
bath for 10 minutes. A 5 mL solution of 50% 2-propanol using the formula.

1

1

honey samples was done by taking 30 µL of honey
1

in the test tubes and then 150 µL of 0.2 N FC reagent was

1

of honey sample.

1

test  tube,  200 µL  of  honey  samples were added,

1
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Inhibition% = [1-{(T1-B) /B1}] ×100 ranged from 1737.00±0.05 to 5026.66±0.88 (µg.g ) and in

where, T1, B1 and B2 are the observance of the samples, (µg.g ). Comparatively Apis honey sample AH3 had
sample blank and DPPH blank, respectively and the mean higher protein content than Trigona honeys. The results
values were represented in mg.mL . were compared with the Algerian honeys [25] which were1

Antimicrobial Activity of Honey Samples The normal range of protein content in honey is less than
Preparation of Honey Samples: Honey solutions were 5 mg.g  [26]. The protein content mainly depends on the
prepared immediately before testing by diluting the honey presence of the enzymes, which may be introduced by the
samples with warm distilled water to the required honeybees or sometimes it may be derived from the nectar
concentrations 25%, 50%, 75% and 100% (v/v). All of the flora and thus it is variable.
samples were incubated for about 20 minutes at room
temperature, allowing aeration of the mixture. Proline Content in Apis and Trigona Honey Samples

Preparation of Test Organisms: Microorganisms were
obtained from the Department of Microbiology, School of
Chemistry  and  Biotechnology,  SASTRA  University.
Two Gram positive bacteria: Bacillus subtilis and
Staphylococcus aureus and two Gram negative bacteria:
Pseudomonas aeruginosa and Escherichia coli were
taken as test organisms. The isolates were identified
based on standard microbiological techniques and
cultured it in nutrient agar media at 37°C for 24 hours.
Colonies of fresh cultures from the overnight growth were
picked  with  sterile inoculating loop and suspended it in
3-4 mL nutrient broth contained in sterile test tubes and
incubated for 18 hours at 37°C.

Antimicrobial Activity: The antimicrobial activity of the
different dilutions of the honey samples of Apis and
Trigona species, 25%, 50%, 75% and 100% (v/v) against
Bacillus subtilis, Staphylococcus aureus, Pseudomonas
aeruginosa and Escherichia coli was carried by the disc
diffusion method. The test organisms were spread plated
taking 100 µl of the culture and allowed to dry at room
temperature for 30 minutes. The antimicrobial test was
carried out for each honey sample in triplicate and the
mean values were calculated and graphically represented.

RESULTS

Biochemical Analysis of Honey Samples
Estimation of Protein Content Present in Apis and
Trigona Honey Samples (µg g ): The results revealed1

that the total protein content present in Apis and Trigona sample from different floral origins were tested [29]. A
honey samples ranged from 1737.00±0.05 to 5026.66±0.88 study conducted on Yemeni types of honey contained
(µg.g ) (Table 1 and Figure 1) determined using BSA significantly higher total phenolic contents that ranged1

(Bovine Serum Albumin) as standard and it was relatively from 75.13 mg.GAE100gm  honey in Tropical blossom
high in sample AH3. The protein content in Apis honey (Marbai-Hadramout)  to  246.21 mg.GAE100gm  honey in

1

Trigona honey ranged from 4953.33±0.66 to 5020.00±0.67
1

relatively  higher,  ranging  from  3700  to  9400  µg.g .1

1

(mg.Kg ): Proline is the predominant amino acid present1

in honey. The proline content present in honey samples
ranged from 4.20±0.03 to 26.65±0.16 mg.Kg  (Table 1 and1

Figure 1). The proline content in Apis honey samples was
from 6.30±0.08 to 26.65±0.16 mg.Kg . In Trigona honey1

samples it ranged from 4.20±0.03 to 5.64±0.04 mg.Kg .1

Comparatively Apis honey sample AH1 had high proline
content than the Trigona honeys. Honey collected from
South Africa, had proline levels ranging from 15.57 to
45.24 mg.100g  [27]. The proline content in Indian honey1

samples was found to vary from 133 to 674 mg.Kg 1

(Saxena et al., 2009, unpublished data). In addition to
adulteration in honey, proline also indicates ripeness with
the minimum value of 18 mg 100g  present in natural1

honey.

Total Phenolic Content in Apis and Trigona Honey
Samples (mg.GAE 100gm ): The total phenolic content1

of Apis and Trigona honey samples determined by the
Folin-Ciocalteu method [28] revealed that it ranged from
0.12±0.03 to 1.08±0.08 mg.GAE 100gm  and the Apis1

honey  sample  AH4  had  highest  phenolic  content
(Table 1 and Figure 2). The standard calibration curve was
obtained by plotting different concentrations of Gallic
acid against the absorbance read at 765 nm. The total
phenolic content present in Apis honey samples ranged
from 0.12±0.03 to 1.08±0.08 mg.GAE 100gm  whereas in1

Trigona honeys it was 0.92±0.02 to 1.07±0.02 mg.GAE
100gm . The TPC per 100 g of honey ranged from 12.641

mg GAE (green) to 90.57 mg GAE (Velebit forest), which
represents a 7.2-fold difference when twenty-six honey

1

1
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Table 1: Biochemical Analysis of Apis and Trigona honey samples
Sl. No. Sample No. Total Phenolic content (mg.GAE 100gm  ± SD) Protein (µg.g  ± SD) Proline Content (mg.Kg  ± SD)1 1 1

1 AH1 0.12±0.03 1737.00±0.05 26.65±0.16
2 AH2 1.05±0.17 4953.33±0.89 10.24±0.04
3 AH3 1.07±0.03 5026.66±0.88 10.76±0.11
4 AH4 1.08±0.08 4946.66±0.84 6.30±0.08
5 TH1 0.92±0.02 5020.00±0.67 4.20±0.03
6 TH2 1.07±0.02 4953.33±0.66 5.64±0.04

Table 2: Antioxidative capacity of Apis and Trigona honey samples
Sl. No. Sample No. FRAP (mg.mL ) DPPH (g.mL )1 1

1 AH1 1.26±0.08 30.45±0.67
2 AH2 3.03±0.09 78.51±1.11
3 AH3 2.91±0.19 36.70±0.58
4 AH4 1.86±0.12 37.88±1.79
5 TH1 3.35±0.02 138.48±1.14
6 TH2 1.74±0.02 32.09±1.28

Fig. 1: Graphical representation of the biochemical analysis of Apis and Trigona honey samples

Fig. 2: Graphical representation of the biochemical analysis (FRAP and DPPH) of Apis and Trigona honey samples

Acacia ehrenbergina (Salam-Tehamah) and hence had absorbance value at 700nm. This indicates that if the
very good anti-oxidative properties [30]. For the honey absorbance value is higher than there is more reduction of
samples collected from India was 1.1 mg.GAE100gm  [2]. ferric ions to ferrous ions. The Apis honey AH2 had1

The polyphenolic content present in honey mainly highest antioxidant power. Comparatively Trigona had
depends upon the floral sources in honey [31]. Ferric reducing power than that of Apis honey. Extracts of

Ferric Reducing/Antioxidant Power (FRAP) of Apis and varied from 0.89 to 0.19 from the highest to the lowest
Trigona Honey Samples (mg.mL ): The Ferric1

reducing/antioxidant power (FRAP) of the six honey
samples ranged from 1.26±0.08 to 3.35±0.02 mg.mL 1

(Table 2 and Graph 2). Trigona honey sample TH1
showed higher reducing power that had a higher

Indian honey were analyzed and reducing power assay

concentration  [32].  The mean reducing capacity of
hetero-floral honeys and mono-floral amounted to 157.66
µm Fe (II) and 82.31 µm Fe (II), respectively [29]. The
absorbance values in the FRAP assay varied from 0.38 to
0.59 mg.ml  of Indian honey [33].1
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Table 3: Antimicrobial activity of Apis and Trigona honey samples

Samples of Apis and Trigona species
Diameter of zones of inhibition (mm)

Bacterial Strains
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Escheriachia coli Staphylococcus aureus Pseudomonas aeruginosa Bacillus subtilis
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Dilution of bee product (%) Dilution of bee product (%) Dilution of bee product (%) Dilution of bee product (%)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Honey samples 25% 50% 75% 100% STD 25% 50% 75% 100% STD 25% 50% 75% 100% STD 25% 50% 75% 100% STD

AH 4 13.67± 15.33± 18.67± 16±1 15.67± 12.33± 12.67± 21.67± 17±1 17±1 13.5± 11.33± 15.67± 12.67± 15±1 7.17± 9.67± 13.17± 11.5±1 18.33±
1.53 1.15 0.58 1.53 0.58 0.58 1.53 3.53 0.58 1.15 0.58 1.04 1.61 0.76 2.52

TH1 8±0.5 10.17± 10.67± 13± 16.67± 8.17± 14.17± 12.67± 12.83± 16.67± 12.67± 17.67± 26.33± 20± 18.33± 14.33± 15.67± 25.33± 23± 14±1
2.02 1.04 2.18 1.53 1.61 0.76 2.47 1.04 2.31 0.58 0.58 3.78 3.46 1.53 3.21 1.15 4.73 4.58

Fig. 3a: Antimicrobial activity of honey sample AH4

Fig. 3b: Antimicrobial activity of honey sample TH1

Antiradical Scavenging Activity of Apis and Trigona extracts  showed  scavenging  inhibition  rate  varying
Honey Samples (g.mL ): The free radical scavenging1

activity of the six honey samples was done by the DPPH
assay, a stable nitrogen centered radical. If the DPPH
scavenging activity is high, higher is the antioxidant
capacity  of  the  sample.  The results revealed that the
anti-radical scavenging activity ranged from 30.45±0.67
g.mL  to 138.48±1.14 g.mL  and its percentage was1 1

higher in the Trigona honey sample TH1 (Table 2 and
Graph 2). AH2 showed the second highest among all
samples and highest among other Apis samples. Out of
the six honey samples, TH1 and AH2 had antiradical
scavenging activity greater than 50%. The highest
scavenging activity of 43.04 mg.100 g , with respect to1

DPPH radicals, was observed in flower-mix honey with
added sour cherry juice [29]. Analysis of Indian honey

from 86.8% to 78.6% from the high (6 g.mL ) to the low1

(1.5 g.mL ) concentration [32]. The percentage of DPPH1

scavenging activity ranged from 44 to 71 g.mL in Indian1

honey [33].

Antimicrobial Activity of Honey Samples: The
antibacterial activity of honey was tested against selected
pathogens like Bacillus subtilis, Staphylococcus aureus,
Pseudomonas aeruginosa and Escheriachia coli. The
Apis honey sample AH4 was chosen to study the
antimicrobial activity because it had quite a good
antioxidative capacity and the 75% dilution revealed the
maximum zone of inhibition with 21.67±1.53 mm was
recorded for Staphylococcus aureus (Table 3 and Fig. 3a).
The Trigona honey sample TH1 also had shown the good
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antioxidative capacity and the 75% dilution revealed the Antimicrobial Activity of Honey Samples: Various
maximum zone of inhibition with 26.33±3.78 mm for
Pseudomonas aeruginosa (Table 3 and Fig. 3b).
Kanamycin (1.08 µL of 50 µg.µL ) was used as standard1

and controls were autoclaved distilled water (10 µL).
Honey glucose oxidase produces the antibacterial agent
by releasing hydrogen peroxide. Honey with a high
catalyst activity has a lower antibacterial peroxide activity.
Honey has both peroxide and non- peroxide antibacterial
action of different non-peroxide antibacterial substances
like acidic, basic or neutral [13]. The antimicrobial effect of
honey is thus due to different substances like aromatic
acids and compounds with different chemical properties
[34, 35 and 13] and depends on the botanical origin of
honey [36, 37, 13, 17].

DISCUSSION

Biochemical Analysis of Honey Samples: Honey is well
known as a functional food from the bees that contains
phenolic compounds and flavonoids, which helps in
enhancing human health [38]. Honey is one of the
important natural products that are high in protein and
proline content. The results established that the honey
samples showed significant levels of protein, proline and
total phenolic by comparing with the Apis and Trigona
honey samples, Apis honey samples AH1 and AH4 had a
good amount of protein, proline and total phenolic
content. Thus, satisfying the Codex Alimentarius
standard.

Antioxidative Analysis of Honey Samples: It is a known
theory in human physiology that anti-oxidants have the
capability to fight against free radicals that are involved
in almost all the cellular degradation processes leading to
cell death. Honey has the highest anti-oxidant activity and
contains compounds like polyphenolics, vitamins, organic
acids, catalase and glutathione peroxidase that helps in
enhancing the honey’s anti-oxidative property [39].
Recent studies have shown that phenolic compounds and
flavonoids contribute to the anti-oxidant capacity of
honey [40]. There is a close relationship between
polyphenol concentration and anti-oxidant capacity [40].
In  The  present  study  honey   samples   selected  for
anti-oxidative properties by FRAP and DPPH assay
showed that Trigona honey sample TH1 had significant
levels of antioxidative capacity. Recent studies have
become  evident  that  phenolic compounds and
flavonoids contribute to the antioxidative capacity of the
honey [40].

synthetic anti-microbial agents are being used world-wide
to fight against the endemic diseases [41]. At present the
research on natural products is being emphasized to
combat various infections caused by micro-organisms.
Honey has its vitality towards the anti-microbial activity.
The anti-microbial activity observed in honey is due to
the enzymatic production of hydrogen peroxide [42, 43].
The growth of microbes is hindered due to the factors
such as low pH and high sugar content of honey that
contribute to the anti-microbial property of honey. Several
other factors like physiochemical properties, botanical
origin, entomological origin and relationship with
beneficial bacteria influence the antimicrobial activity of
honey. The honey samples AH2 and TH1 showed good
zones of inhibition against selected pathogens and
established that these honey samples had significant
results with antimicrobial activity. This agreed with the
reports of the results published by the other authors
world wide.

CONCLUSION

In the present study a comparison was made between
the biochemical, antioxidative and antimicrobial activity of
Apis and Trigona honey samples collected from different
geographical locations of India. Both the Apis and
Trigona honey samples resulted with significant levels of
biochemical, Antioxidative characteristics and the
antimicrobial activity against selected pathogens. From
this it is evident that the selected Apis and Trigona honey
samples can be used can be used as a natural bee
products for different ailments and quoting it as “Back to
nature”
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