10

15

DOI:10.22059/1JVM.2023.353367.1005348 Iranian Journal of Veterinary Medicine‘)riginal Article

AV ]

Online ISSN: 2252-0554

Physicochemical Properties and Antioxidant Activity Charac‘rizatiohof

A\
Honey Brands Distributed in Tehran, h‘a‘ \
N«

Atiqullah Miakhil'2, Abolfazl Kamkar! ", Sayed Attaul H (wanureem

1. Department of Food hygiene and quality cxol, w of Veterinary Medicine, University

of Tehran, Tehran, Iran \

=

2. Department of Pre-clinic, Facﬁlry 0 elﬁlary Science, Balkh University, Balkh,

Afghanistan * \
N\

3. Department of P@:limc, Eaculty of Veterinary Science, Nangarhar University, Nangarhar,

b\ \¢
AR )

Abstract



20

25

30

Background: Honey, a naturally sweet food product, is accompanied by several health benefits.

The quality of honey is determined by its microbiological, physicochemical and antioxidant

¢
properties which can greatly differ from brand to brand and country to country. \

Objectives: To assess the physicochemical properties and antioxidant activit‘ of honey%rands

y
distributed in Tehran and compare the parameters with national and in;n‘tio\%dards.

.
Methods: Five brands (Shakelli, Khansar, Golagin, Shafi, Qral) o%oney in Tehran were
\

selected and five samples of each brand were collecte romklpgrmarkets and analyzed by

standard methods for physicochemical properties a% idang activity. The collected data was

analyzed by SPSS. ‘ ‘ :

Results: The results depicted signi dlﬁences among studied honey brands in all
physicochemical properties (exgebt ash. total reducing sugars and sucrose contents), and
antioxidant activity (P<0.0 he sture ash, pH, free acidity, total reducing sugars, sucrose,

diastase, and 5- Hydrocne\lhfural (HMF) contents of honey brands ranged in 16.30-
15.34%, 0.24-0.40%@4.35 units, 9.15-10.68 meq/kg, 77.84-79.74 %, 3.66-4.57%, 2.28-3.28
DN, 6N1. m&, respectively. Thus, the physicochemical properties of studied honey
bran cept‘n diastase activity were within national and international legal limits. Moreover,

total phenolic contents (TPC) and radical scavenging activity (RSA) of 1, 1-diphenyl-2-

picrylhydrazyl (DPPH) of honey brands ranged in 28.72-39.36 mgGAE/100gr and 63.83-
2



35

40

45

73.91%, respectively. Beyond that, highly significant positive correlation was observed between

TPC and RSA of DPPH of honey samples (r=0.798, P<0.01).

@

Conclusion: The studied honey brands were of good quality and met the existe&onal and

international standards at all.

Keywords: Antioxidant activity, Honey, Honey brands, Physifochemlc Aeters

Standards
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1. Introduction c \\

Honey that {\ and medicine (Cabrera and Santander, 2022) is defined by Codex

‘natural sweet substance produced by honey bees from the nectar of plants or

entar
fro& of living parts of plants or excretions of plant-sucking insects on the living parts

of plants, which the bees collect, transform by combining with specific substances of their own,
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deposit, dehydrate, store and leave in the honeycomb to ripen and mature” (Codex Alimentarius

Commission, 2001). Beyond sweetness, honey exerts health benefits such as antibacterial,
¢

antifungal, cytostatic, hepatoprotective, hypoglycemic, antihypertensive, ga&rirotective,

antitumor, anti-inflammatory, antioxidant and wound healing effects (Rahgﬁt 2017;

Soares et al., 2017). \\ y
r

The physicochemical parameters of honey as water a@ mois ure, sugar contents, pH,
acidity, ash, electrical conductivity, hydroxymethylfur&:al, and ocolor differ based on the type of
botanical origin, geographical origin, handling (Sakac et al., 019) bzekeeplng practices (Kamal
et al., 2019) and even bee specie (Al-Fars1 et al. % € major components of honey are
sugars (70-85%) mainly glucose and fru & (10-20%) (Al-Farsi et al., 2018; Pita-

Y

Calvo and Vazquez, 2017). Besides @J constituents consist of oligosaccharides, ploy

saccharides, organic acids, lipidS ;hg cgmpounds flavonoids, vitamins, minerals, enzymes,

amino acids, pollen gr. ththtochemlcals are present in honey (Amiry et al., 2017,
QY

Manzanares et al. ,f() anauskiene et al., 2012; Roshan et al., 2017). Among these,
enzymes (diastase aWrtase), HMF (Kamboj et al., 2019), and amino acids are considered
quality factors ‘of honey. Storage and elevation in temperature affect the enzymes of honey

(Belay etal., ;17). HMF, a cyclic aldehyde is mainly absent or present in quite lower quantities

in fresh honey which can be raised by excessive heating, prolonged and poor storage (Shapla et
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al., 2018), or by adulteration with inverted sugars (Ajlouni and Sujirapinyokul, 2010; Se et al.,

2019).
' &

The antioxidant activity of honey mainly relies on both enzymatic and &nzyma‘tic
antioxidants which include polyphenols, carotenoids, organic acids, Vitan‘pc, Vitahin E,
enzymes (e.g., catalase, peroxidase), amino acids, proteins, trace ;le‘aeA}pgoducts of
Millard reaction (Dzugan et al., 2018; Giil and Pehliv@& rab@s et al., 2016;
Smetanska et al., 2021). Among these compounds, poﬁphenolsi{lavonoids and phenolic acids)
are mainly responsible for the antioxidant act1v1ty f ney (Dong et al.,, 2013). These

constituents can be affected by their geographic and al origin, environmental factors, storage,

and maybe the processing of honey (R naw@e ., 2012). The correlation between

phenolic compounds and the antioxi a(/ tdf honey is important and could be assessed by

several methods (Vasi¢ et al. 2019Qh£ sense, several studies have reported a significant

positive correlation bet f no\contents antioxidant activity, and the color intensity of
\o

honey (Beretta et aw ncelj et al., 2007).

Md quality factors of honey could be different from country to country

en w1t a country for its difference in the region, floral origin, and other factors (Alqarni

etal., 20 ata concerning the physicochemical properties and antioxidant activity of Iranian
honey from different origins and floral sources are plenty, but information on the mentioned

5
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characteristics of Iranian honey brands was not available. Thus, this study was designed to

investigate the physicochemical and antioxidant properties of five well-known honey brands
¢

distributed in the Tehran province of Iran and as well as to compare the studied pﬁters with

present national and international standards. h >

o \ @
2. Materials and Methods \

25 honey samples (5 samples from each brand and from different supermarkets) from five well-
known brands namely Shakelli, Khansar, Golagi@ﬁ, d Kral were collected from chain
supermarkets of Tehran city through ran sa%h d were analyzed for physicochemical
and antioxidant activity at the lab Q)d hygiene and quality control of veterinary

medicine faculty/University of "iel!ran. 1 t@ts were performed in a duplicate fashion.

2.1. Physicochemical zc"‘\\
r

The physicochemical analysis included the examination of moisture, ash, pH, free acidity (Silva

etal., N&ei M., 2019), diastase activity (Bogdanov et al., 2002), hydroxymethylfurfural

(ZN., %1 9)\and sugar contents (Kamal et al., 2019).

2.1.1. Moisture Determination
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The Moisture of honey samples was determined according to the refractometry using an Atago

(Japan) model IT Abbe refractometer. All measurements were carried out at 25 °C.

" ¢

2.1.2. Ash Determination \

Ash content was measured using a muffle furnace. Five grams of honey ?e wds ;()OC until
the constant weight was achieved. The Ash percentage Was calcﬂat using the following

formula:

b _Wil-W2
Az I%_TX 100 o b

Where W1 is the weight of the crucible w1thx cow2 represents the weight of the empty

crucible and WO indicates the weight of tthnamlple.
2.1.3. Measurement of pH and‘flree a 't}’

A digital pH meter (J %land) was used for the measurement of the pH of honey
samples. For the dr ermination of the pH, a solution of honey (10 gr of honey was dissolved in
75 ml fre Md water) was used. Free acidity was determined by the titrimetric

usm 05~ M NaOH for titration. The titration was continued until pH 8.50. A 1%
alcoholic olut on of phenolphthalein was used as an indicator. The results were reported as meq
of acid /kg of honey. The free acidity of honey samples was calculated as follows:

7
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Free Acldlty (meqhg)

l of Na.OH uzed f lg — ml of NaOH used forblank
Il of NaOH used for samp ml ¢ used forblan % 008 ¥ 1000
Welgth of sample ¢

2.1.4. Diastase activity \
\N

The diastase activity of honey samples was carried out according to har‘o Mtlﬂ)ds of the
&

International Honey Commission (IHC) using buffered soluti f s{(rch anWey. Briefly, 10
ml of prepared honey solution was transferred to a 50 {lﬂas n\d heate&t 40°C using a water
bath (WiseBath, Daihan, Korea) for 15 minutes. Mea a ﬂasl&containing 10 ml of starch
solution was also heated in the same conditioﬂ r}, 5 ml of starch solution was
transferred to the honey solution and mixed M AWry five minutes, 0.5 ml aliquots were
rapidly transferred to 5 ml diluted iodineQutij\. fter that, 20, 21, 22, 23, 24, and 25 ml of
distilled water were added to ea’cf? €. a‘he prepared mixtures’ absorbance was read at 660
nm using a spectrophotomet*mo enway, England) and water was used as blank. Finally, the

absorption data from @feN\ne intervals was plotted using regression until the 0.235

absorbance was achieved andthe outcomes were reported as diastase number (DN).

AN\



135

140

145

For the determination of HMF content, five grams of honey samples were liquified in 25 ml of
distilled water. The prepared solution was then treated with 0.5 ml of Carrez I (D-1600, Merck,
Germany) and 0.5 ml of Carrez II (KGG9A, Merch, Germany) solutions, and the' me of the
resultant solution was raised to 50 ml by distilled water. Afterward, the so]m&ws {ﬂtered
through a filter paper, and the first 10 ml has been discarded. The ab‘) M the filtered
solution was measured at 284 and 336 nm against the filte ol‘ion tre with NaHSOs3

(GHS5643F, Sigma-Aldrich, USA) using a spectroph(\meter MF wz&determmed using the

following equation: g
HMF (mghg) m [A284 — ADDE] x 149.7 KQ Vm mple

2.1.6. Sugar analysis

J
The reducing sugar contents oﬂh%ngm'es were estimated according to the Layne—Enyon
technique. Concisely, five mﬂf Fel&g A and five ml of Fehling B solutions were transferred to
a250 ml Erlenmeyeﬁl whhxmtamed 7 ml H20 and 15 ml of honey sample. Consequently,
1 ml of 0. ZV{thy e blue 1nd1c:ator was added to the solution prepared in an Erlenmeyer flask

and titr&

for th ete ination of sucrose. Briefly, 50 ml of honey sample was taken in a 100 ml

g until the decolorization of the indicator. The inversion process was used

volumetric flask, 10 ml of dilute HCL was added to the flask and heated in a water bath, and the
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volume was made up to the mark. Again, the Layne—Enyon procedure was applied to this

solution. The sucrose contents were calculated using the following equation:

[ ¢
Sucross ¥ = (Total sugar — Total reducing sugar) x 0.95 \

Q™

2.2. Antioxidant characterization o \ L

The total phenolic contents (TPC) and radical scaven}n acti% ‘RSA) of 1, I-diphenyl-2-

®

picrylhydrazyl (DPPH) was determined according to the.met (ﬂs reported by Vela, de Lorenzo,

and Perez, (Vela, de Lorenzo, & Perez,%7%)uzgan et al. (Dzugan et al., 2018),
respectively. \

2.2.1. TPC measurement J
< 2 §

The Folin-Ciocalteu rea &HSN Sigma-Aldrich, USA) was used for the determination of
total phenolic cont é’C) riefly, 0.2 ml of honey solution was added to 1 ml of 10 %
Folin-Ciocalt readeS ml of 7.5 % w/v sodium carbonate (Na2CO3;) (SLBL4377V,
Si a—m&s : The mixture was incubated at room temperature for 120 min. After

D
incubatien, a gectrophotometer was used for the measurement of absorbance at 760 nm against

10



165

170

175

180

the blank. TPC was calculated based on a calibration curve prepared for gallic acid. Results were

reported as mg of gallic acid equivalents (GAE) per 100gr of honey.
| &

2.2.2. Radical Scavenging Activity of DPPH \

The antioxidant activity of honey samples was measured spectrophotomin llwg,the stable
free radical DPPH (DG9132-1G, Sigma-Aldrich, USA). In short, 1 ﬁ of honey solution in
deionized water (0.025 gr/ml) was added to 1.5 ml of DPPHui methaN (90 ug/ml) solution.
The prepared solution was incubated for 5 minutes. Afteri cuba%nvhe absorbance was read at
517 nm against a water/methanol (1:1 v/v) blank. % rd abre of ascorbic acid was used for
the estimation of the scavenging activity of ‘1 wmple The results were reported as %

equivalent of ascorbic acid in the terms of DIMepletlon which was calculated using the

following formula:
< 0

(4b = Ac]]

Radical scavenging HEP%\&EMT X 100

(

Where, Aa= the absqibanie obtained without the honey sample (DPPH and methanol only), Ab=

the abanc f Nncubation mixture of DPPH and honey solution, Ac= the absorbance of
N

the b sol%’on, and Ao= the minimum absorbance obtained when DPPH was completely

scavenged.

11
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2.3. Statistical analysis

The collected data was subject to IBM SPSS V.20 (SPSS Inc., Chicago, IL, USQ). for statistical
analysis. The difference among honey brands was analyzed using one-way Analy&Variance
(ANOVA) followed by the Tukey multiple comparison test (MCT). The C(matlon ‘tbtween
TPC and the radical scavenging activity of DPPH was analyzed usigg ‘e%& c%rrelation.
The difference between the physicochemical properties and@d& (ti\ﬂ%)f honey brands

and the correlation between TPC and RSA of DPPHuwere coWdered statistically significant

when P<0.05.
() M

3. Results

3. 1. Physiochemical analysis ( J
P

2
The analysis of the phy51coc mical pr r! ies of five well-known honey brands distributed in

the Tehran city of Iravci d in Table 1. As the results depict, a statistically significant
as observ

(P<0.05) dlfferencﬁ d between all honey brands except in ash, total reducing sugars,

and suﬁ nte\“ 05). According to the results, the higher moisture and ash contents
% (

\ 40 %), respectively. Moreover, pH and acidity ranged from 4.27 to 4.39 and
from 9.15%e 1 .68 meq/kg, respectively. The higher diastase enzyme activity and HMF contents

were 3.28 DN and 11.84 mg/kg, respectively.

12
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3. 2. Antioxidant Characterization

Table 2 represents the results of TPC and RSA of DPPH of five honey brands thapwere gathered
from the Tehran city of Iran. The results showed a significant difference between&zy brands
in term of TPC (P<0.05). Based on the results, the TPC of brand A (39.36 @E/kg»brand

J
was higher compared to the other four honey brands. After brand A, g)e ‘ig&as recorded

for brand B, C, D, and E, respectively. o \ \ -

The results of the present study concerning antioxidant &pgrties of investigated honey
samples are shown Table 2. As per results, the@ idantiﬁ)roperty of honey brands was
significantly different (P<0.05). In addition *RWPPH of studied Iranian honey brands

ranged from 63.83 to 73. 91 %. Among these, BMA touched the peak in term of antioxidant

activity followed by band B, C, D, a Q
4

The results of the ;*ent Niy also showed a strong significant positive correlation

(r=0.798, P<0.05) be(tw( \\1 RSA of DPPH as portrayed in Figure 1.

_

N :

754
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E o L
®
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RSA of DPPH (%)
*
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60

55- r=0.798, P<0.01
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Figure 1 shows the correlation between TPC and RSA of f&&ney samples. P<0.05
was considered significant. Results show a positive %niﬁc correlation between TPC and

RSA of DPPH.
4. Discussion ! ’ :
4. 1. Physiochemical analysis ( J

The results of present &1& stu l’ained from the analysis of honey brands showed
significant differences e t ashtal reducing sugars, and sucrose contents. These findings
Qpal nd international standards except for diastase activity as the

agreed with presern
_4

diastase activi OW be less than 8 DN. According to the national standards of Iran, honey
g)

wi ac%

meq/kgfree acidity, <5% sucrose, >8 DN and <40 mg/kg HMF contents (INSO, 2013).

a\ra eters should have <20% moisture, < 0.6% Ash contents, >3.5 pH, <40

Similarly, the physicochemical properties of honey are stated in some international standards

14
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(CAC, 2001; EU, 2002) and as well as reported by several authors (Nordin et al., 2018;
Thrasyvoulou et al., 2018). However, free acidity is stated as <50 meq/kg by international
standards. The possible reason for the lower diastase number of honey sa could be
improper heat treatment during honey processing and might be due to inag"ﬁ& %torage.
Similarly, the quality of Omani honey was evaluated, and reported the‘l' Mti{ity in the
range of 1.46-18.4 Schade units and reported that the dia a‘wty c be altered by
botanical origin, climate conditions, heat treatment, a( storage\(Al Fa& 2018). Ajlouni and
Sujirapinyoku, (2010) reported a positive correlatio cen heéat treatment and amylase
destruction level. Wang and Li, (2011) stated that @1 t&age and heat treatment strongly
contribute to the alteration of diastase activ Fuwore, the pH of honey also affects the
diastase activity as an increase in pH dec&es je vel of diastase activity. Beyond that, Zarei

et al. (2019) reported a lower efkc O.w) of thermal treatment on moisture, pH, and free

acidity of honey samples. ‘ \

So far, several stursC/eXn carried out to investigate the physicochemical properties of

honey in Iran/and foerent parts of the world and studied the effective parameters. Jahed
ikmcx

Garmsaricity ; Iran. The results of their study indicated that the pH, free acidity, ash, and solid

mkar (2005) studied the physicochemical properties of honey samples in

matter of the honey samples were 4.54, 16.33 meq/kg, and 0.287%, respectively. Likewise, the

15
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honey samples of Tehran city of Iran were studied for some physicochemical properties by
Kamkar et al. (2012). The results of their study showed that most of the studied parameters of
honey samples were within the desired range. According to their results, 3.3%' 33.3% of
honey samples were positive for HMF and diastase, respectively. Moreoveﬁ‘;, %cidity,
solid matter, moisture, and reducing and non-reducing sugars of the sa‘n M3184, 16.80
meq/kg, 84%, 15.7%, 66.54%, and 4.38%, respectively. T ul ,of the,present study also
documented that the physicochemical properties of {)llegoney &nples from different
supermarkets were within the present national and int ional standards. In another research,
the physicochemical properties of Harenna forﬁn e’e investigated. Based on their
results, hive type had a significant effect onxistuwucing sugars, ash, and HMF contents.
However, moisture, water-insoluble solid&sh,ﬁrical conductivity, and specific rotation of
honey samples were signiﬁc‘alﬂ ere‘ by sampling location (Belay et al., 2013).
Moniruzzaman et al. (2013) died% physicochemical and antioxidant properties of Malaysian
honey from different b@li\&h entomological sources. Based on their results, the physical
properties of four Malaysian honey types namely acacia (A. mellifera), pineapple (A. mellifera),
bomeo\&an&and tualang (A. dorsata) were significantly different (P<0.05). The
ph}Nﬁlemi‘l and antioxidant properties of Bangladeshi honey samples that were stored for

more than one year were investigated. The results of their study showed that HMF content

remained at the recommended level (10.93 mg/kg) after 1.5-year storage at 20-25°C. They
16
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reported that the low moisture and low pH may contribute to the low HMF content (Islam et al.,

2012). Manzanares et al. (2014) physicochemically characterized some minor monofloral honey
¢
from Tenerife of Spain. The results of their study showed a significant diffev& between

%—27.7

monofloral honey samples. Moreover, the HMF contents were within the @ 0

mg/kg which is in agreement with international standards. They further 'a with HMF
contents lower than 15 mg/kg is considered quality honey. \the studied Iranian honey

brands in the present study could be considered quahty{)ne or thelr 10& HMF contents.

4. 2. Antioxidant Characterization
6 N

The results of the present study outlined wni nt difference between the studied honey
brands in terms of TPC content. The ¢ tentM be significantly altered and reduced by
thermal processing. Based on Z& al. (£19) results, the phenolic contents were not
significantly reduced in the QSt 20, minutes of thermal processing but become significant after
30 minutes of thermal proc 'nworeover, the TPC is a good criterion for the determination of
the quality and curﬁ/e propetties of honey (Al-Mamary et al., 2002). Some Suadi Arabian and
internati na%na\ es were investigated for TPC. The results showed a significant

nce e een honey samples as the TPC values ranged from 0.44 to 0.84 mg/gr. They
reported that the TPC of honey samples could be altered according to their floral source and are

positively correlated to the darkness of honey (Algarni et al., 2016). Giil and Pehlivan (2018)

17
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investigated some monofloral Turkish honey for its antioxidant activities. According to their
results, the TPC content of different Turkish honey ranged from 34. 37 to 470.70 mgGAE/100gr.
The highest amount of TPC was recorded for Parsely (470.70 mgGAE/100gr)followed by
rhododendron, carob, and chestnut honey. The lowest phenolic content was ﬂ& fgr wild
mint (34.37 mgGAE/100gr) and acacia (51.91 mgGAE/100gr) honey. ‘J Ntddy, lower
TPC was recorded for Agastache honey (853.6 pg GAE/ m%red to other commercial
Australian honey (Anand, Pang, Livanos, & Mant'&ZOl .\Do Na&mento et al. (2018)
analyzed Brazilian Apis mellifera honey for phenoli pound$} antioxidant activity, and
physicochemical properties. Based on their resultq Vz&ues were in the range of 26-100
mgGAE/100gr for eucalyptus, mastic, w1l(xwerWese grape, Quitoco, and poly floral
honey as higher TPC values were doc&enter eucalyptus (66.45), mastic (63.5) and

wildflower (56.50) honey comp%rekl er@

The antioxidant *\f\ studied honey brand was significantly different. These
findings were s1m1't Noor et al. (2014) research findings. They reported the DPPH radical
scavenging activity imthe ange 0f 30.50 - 77.43 for natural Pakistani honey. The RSA of DPPH
fo on%in \nd acacia was reported 86.91, 62.37 and 23.96%, respectively (Kowalski,
20&%0 er study, the antioxidant activity of some Portuguese monofloral honey was

investigated by Alves et al. (2013). Their results reported DPPH inhibition (%) beyond 50 % for

18
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studied honey samples while the DPPH inhibition (%) of some honey samples like rosemary

(4.5-59.3%), orange (8.8-23.2%), thyme (35.8-47.3%) and eucalypt (27.7%) were below 50%.
¢

Moreover, honey samples of arbutus (64.2%), locust podshrub (61.6%), andﬁ heather

la (&to the

darkness of honey as dark honey showed 70% DPPH inhibition whereas Wbmon for

samples showed higher DPPH inhibition (%). The DPPH inhibition (%) is

light honey was below 40% (Estevinho et al., 2008). o \

The results of the present study depicted a s&ng positive and 51gn1ﬁcant correlation
between TPC and the antioxidant activity of honey. These findings Zre supported by those that
were reported by Berreta et al. (2005). Accodqig to their results, the phenolic content and DPPH
radical savaging activity had a strong positive %Mn (r= 0.918). In another study, it was
reported that the antioxidant activi Kew dependent on TPC. Their results showed a
positive correlation between TI’CZQAQE DPPH (r=0.826) (Anand et al., 2018), which is
similar to our research s L1 ise, similar results were obtained by Giil and Pehlivan,
(2018) as they docflcj\lgmﬁcant positive correlation between TPC and DPPH radical

scavenging activit WM P<0.01). Beyond that, several authors indicated that TPC and

an@act ity of' honey are positively correlated (Alvarez-Suarez et al., 2010; Alves et al.,

2013; onc Jet al., 2007; Chua et al., 2013; da Silva et al., 2013; Silici et al., 2010).

5. Conclusion

19
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In the present study, the five well-known Iranian honey brands that were distributed in the
Tehran province of Iran were analyzed for their physicochemical properties and antioxidant
activity and compared the studied parameters with existent national and internati standards.
Based on the results, all brands were within legal limits except diastase activitAaglmeter
was lower than those presented in national and international standards. 'J'i Mtdmy could
be attributed to improper heat treatment in honey industrie@nipropﬁ%storage in chain
supermarkets. From the HMF content point of view, i&ould e claime&at all brands were in
the category of quality honey as the HMF contents o mples Were lower than 15 mg/kg.
Moreover, all brands obtained good values in te@ *’nd RSA of DPPH as brand A
touched the peak for both characteristics. Axpe(wstrong significant positive correlation
was observed between TPC and RSA of &H MHey samples. Collectively, it can be argued

that the studied Iranian honey b‘rahd re (i good quality from the physicochemical properties

and antioxidant activity poir‘f Vie\
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560 Tables

Table 1. Mean of physiochemical parameters of five honey brands (Mean + SDA’\

€

N

Physiochemical Brand
R N
arameters
P A B < ‘ \\D E
Moisture (%) 15.36£0.19°  15.50+0.22° 0.%%15.4&0.39b 15.34+0.36°
Ash (%) 0.28+0.10°  0.32+0. 1(00 08 0.40+£0.13*  0.24+0.08°
pH 4.3740.05% 00‘& 437+0.02  439+0.04° 4.27+0.07°
Free acidity (
10.4140'89% £0.84b 10.68+0.73*  9.17+1.17° 10.61+1.38"
(meq/kg) \
Total reducing ( \
r 7784£1.89°  78.01+1.76*  79.08+1.34* 79.74+1.89* 77.99+2.02°
sugars <\
cros 4.57£1.06*  4.22+0.41*°  4.08+1.04*  4.40+0.77*  3.66+0.46
Diastase (DN) 2.67+0.18>  2.49+0.09"  2.44+0.12°  3.28+0.72°  2.28+0.23¢

34



HMF (mg/kg) 7.51+0.43¢ 6.67+£0.90°¢ 9.06+1.94°  11.84+0.82%  6.74+0.38°

* Mean of 5 honey samples with standard deviation.

#¢ Mean in the same row with lowercase superscript followed by different letters a

significantly different (P<0.05). Q

565

x&

Table 2. Phenolic content and Hs ing activity of five honey brands (Mean + SD) *.
Antioxidant Brand
parameters A B C 5 =
Tétal phenolic

9.36+1.92% 33.69+1.58" 30.95+2.58%¢ 30.07+2.22b¢ 28.72+1.69¢

con
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(mgGAE/100gr)

DPPH
scavenging  73.91£2.50° 69.63+2.96° 68.79+2.68%° 68.39+6.83% 83+4.01°

activity (%)

* Mean of 5 honey samples with standard deviation.
&¢ Mean in the same row with lowercase superscript followed w erentiletters are

575  significantly different (P<0.05).

580

36



