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CHAPTER V c

SUGARS, TOTAL PHENOLIC CONTENT, PROTEINS AND%IDES IN

HONEY SAMPLES Y"

\%
N,

Carbohydrates comprise about 95% of the honey dryfgight. A gaily os'a otgg'g honey

5.1. Introduction

will cover about 3% of the required daily energy of an Rpqy. ne@a rich source

e i@ erent amounts
qui@‘transported into the

depending on the origin of honey. Fru e:aa glucose
m‘éents of the human body
N,

blood during digestion and can be u%d forﬁ%q
0 )

(Bogdanov et al., 2008). There%ny types @f “ho for example, honeydew is
obtained from the secretions ts %{:@plam while blossom honey is
produced from the necta ers. gj%e_rjﬂlzz/g‘tected glucose and fructose are the

\ iffere@oligosaccharides are present in blossom

main sugars in bloss Ny Wl|i|
A K

honey including 'Nari s SUCrgse] nagme, trehalose and turanose. In comparison,
s’

honeydew ho ains fhighgr ﬁe’of oligosaccharides and trisaccharides such as
N
S co

raffinos Iﬁpar@' to blossom honey (Doner, 1977). The high

of different sugars consisting fructose, COSE¥ an

D
of

melezito
A S
concerﬁ%io of sugars in ho%/s could be one of the responsible factors for the

: al activity (Mundo et al., 2004).
y contains reasonable amounts of phenolic compounds originating from plants

and/or flowers. The original source of phenolic compounds from the nectar of plant has
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been proposed as important factor for the non-peroxide antibacterial activity of honey.
Alvarez-Suarez et al. (2010) reported that study on Cuban unifloral honey, CW high
phenolic and suggested responsible for the higher antibacterial activity. with high
total phenolic content was observed to have antibacterial activity (Russell et al., 1990;
Molan, 1992; Kwakman & Zaat, 2012), however, no correlation 4as dfected between the

phenolic content and the antibacterial activity (Truchado gt al.\

from Malaysia honey reported to show antibacteri

compounds responsible for this activity is unknown (Ajadi & Y ysoff,

Zaat, 2012). Additionally, the activity of individua nolic?i la frow-honey IS too
NV

lan, ?2'; Kwakman &
by
O

low to substantially contribute to the antib teriZact'

Zaat, 2012). \%

detection, isolation and charact&' n of
Some of the researchers dgtec oteir,5 in | @/ samples and identified them as
honey enzymes are dias&myl%ﬁtziﬁ ing starch or glycogen into smaller
sugar units; invert@ras 'gl idaswgecomposing sucrose into fructose and

N
glucose, as well Gﬂ\)sellxﬂja grsdlfe%fé hydrogen peroxide and gluconic acid from

glucose (Bo &,'20}5 . Infa it@.‘defensin-l (Royalisin) peptide was detected in
4&(;(. IrJ.!
honeybee Ed

royal jelly but r%g. been detected in honey. Bee defensin-1 has potent
antibEN activity but only against Gram-positive bacteria (Kwakman & Zaat, 2012;

S

tal., 2012).



69

Therefore, this study evaluate the sugar composition analysis, total phenolic content,

proteins content and peptides content in different honey samples and gheipossible

contribution to the antibacterial activity. : %

5.2. Materials and Methods Y'
5.2.1. Sugars Analysis Profile l\d
(3

Sugar profile was analyzed by UNIPEQ, Universiti{qgsaan ala ia’(U_\ , Bangi,
Malaysia, following the in-house procedure. HG?; plesdy ute@th deionized
eppn

g and,ﬁof each sample

was injected onto Agilent Hi-Plex Ca, 7 %0 mm,

rate of 0.6 ml/min. Pure water was elueﬁdx
[

detector by HPLC analytical. Jectw fhﬁggm duplicate and mean with

standard division were calculd é\
J S

5.2.2. Determin@o ota lic C@Dtent
¢ (—,
’
o y
The total p on?n w terfared using Folin-Ciocalteau method modified by
b 4
d

Singleton ossi (1965). Hogg&vgamples (200 pl) were mixed with 2.4 ml of the
A N

water to make concentration of 20 mg/mi aw

Ky
/s

fresh Wared working solution of Folin-Ciocalteau reagent. Working solution was
by diluting the concentrated Folin-Ciocalteau reagent at ration of 1 : 17 with
gfled water. After 1 min, 420 ul of sodium bicarbonate (20 %, w/v) was added and the

mixture was allowed to stand for 1 h at room temperature (25 + 3 °C) in the dark. After
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incubation, absorbance of each tube was measured at OD7gs hm using nanophotometer

(IMPLEN, Germany). \q

A standard curve using gallic acid solutions (31 .2, 62.5, 125, ZSQ&)QIglmI) was

constructed to calculate the total phenolic content of the sample.?! total phenolic

content was expressed as g gallic acid equivalents (GAE) per ENey.

Y.
5.2.3. Protein Content of Freeze Dried Honey S@ usingjBr o'd od
The method of Bradford (1976) was followed wg e,@' ons.@a'etermine the

as Cyyried y dissolving 100

protein content of honey. Preparation of proi®grepgent

mg of Coomassie Brilliant Blue G-250 -RAD, USAL¥T 50 @%35% ethanol. To this

S
solution 100 ml 85% (w/v) phospha, k%i was \sh r@wlting solution was diluted
1% a )
t

to a final volume of 1 L. Final CR rationsyn th re%gec&ere 0.01% (w/v) Coomassie

>
ande.5% (@0 phosphoric acid. Bovine serum
(
lta@ard. The preparation of BSA standard
in dgfegtized water with final volume of 100 ml

N
P&n e prepared 1.2, 1.0, 0.8, 0.6, 0.4, 0.2 and 0

(Stock solution),n n geriel
mg/ml (Ta@u rr‘l‘e ure?a Q)Sﬁm using nanophotometer (IMPLEN, Germany)
t th

Brilliant Blue G-250, 4.7% ( ano

————

albumin (BSA) (BIO-RAD, ) wa

%

was done by dissolvig 0- W4

&

’ 4
in 1 ml ciNgett®to construct e‘i@ard curve. Blank was prepared by mixing 0.1 mL
& S

of dej W water and 1 mL of Bradford reagent. Calculation of protein content in honey

5 ulated using the standard curve BSA.
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Table 18: Preparation of bovine serum albumin (BSA) standard

Blank Concentration of Amount of BSA  Amount of deio
BSA (mg/ml) stuck solution (ml) water 1&

0 0 1@0
0.2 0.143 a&z
0.4 0.286 i
0.6 0.429 &1
0.8 0.571 Y- 0.429
1.0 0.714 Jo-286
1.2 0.857 ' W

~N o o A W DN P

5.2.4. Peptides Content of Freeze Drie

phthalaldehyde) Method c\l

The OPA reagent was prepared essttially as

some modifications. The OPA s@was Made
e -

and diluting to a final volume_o L v
mM sodium tetraborate; %z 20% (ljtlw SfDQO mg of OPA (dissolved in 1 ml of

d F &

methanol); and 100 @me@amol.é&sw honey peptides, undiluted honey

(30 pl) was addech% y to lprep@%é OPA reagent, whereby 1.0 ml of OPA
¢ ’ %

reagent in a Qmuarl ceele. T\lge)solution was mixed briefly by inversion and

incubated n at I tﬁem@ure (25+3°C), and the absorbance at 340 nm was
)

measu g nanophotomete@\/lPLEN, Germany). The reagent blank was prepared

fro@ mL of the appropriate buffer and 1 mL of protein reagent.

thone was used as standard. The glutathione stock solution of 1 mM concentration

was prepared by dissolving 0.307 mg of the glutathione in water and then
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make to final volume of 100 mL. Then serial dilutions of glutathione solution were

prepared as shown in Table 19.

Table 19: Preparation of Glutathione standard ‘xj

Blank Glutathione (mg/ml) Glutathione stock Deiogiggd water (ml)
solution (ml)

1

2 . : :

3 . : .

4 0.6 0.6 \ﬁ. Y
5 . :

6

5.2.5. Protein Profile using Sodiumwa/le Sulp
Dried Honey Samples % A\ @
[} )

'} Q-
The SDS-PAGE profile was M iu%bgh &é‘fe dried honey samples and

Sephadex collected fractihs tofconfirmithe gtotei ptides content and their range of

'3 '3
molecular weight. SD%B W the Q%Kontinuous buffer system as described
by Laemmili (197, & S

s

ifica{'gas. Electrophoresis was carried out at a

|
constant volta w V for 12amih ocgg’lz, 16.5 and 20 % polyacrylamide gels under
Y

denaturing Iens. werealibrated with standard molecular weight proteins
(high a&/ ranges: 250, 20(\@6, 100, 75, 50, 37, 25, 20, 15 and 10 kDa). Protein
bands \visualized using Coomassie Blue dye staining. Calculations were determined
us

gression analysis as described in the manufacturer’s procedure manual. The

procedure for preparation of the gels and buffer solution is as in Appendix 6.
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5.3. Results

5.3.1. Sugars Profile of Honey Samples c\z

All honey samples contained variable amounts of fructose (37.8 to 40‘.%009), glucose
(23.9 to 33.0 ¢g/100g), sucrose (2.0 to 5.8 g/100g) except maltosem 1.25 g/100g).
However, maltose was not detected in four honey sample%ely, H020 (Hannon
honey), HO30 (Acacia honey), HO31 (Acacia honey) and H anul<a honey) as shown

’ ﬁf@q{ honey
ney 'shmple HO027
g@, followed by

ney &2
.OQLQ)Q) followed by H035
A

in Table 20. The amount of fructose, glucose, sucrosg and Maltoge in

samples were significantly different (P>0.05) ch o}he.
(Manuka honey) showed the highest amount oqruct \QQ

HO035 (Manuka honey) (44.9 g/100g) co@ t
amount of glucose was detected in HOE%C%
(Manuka honey) (30.5 g/100g). The nt@t sucrgee

o

N
the amount of maltose in HOZSN 1 . Hnﬁé} samples HO30 (Acacia) and
f fryttqs

\
HO031 (Acacia) contain h_awgounts
E , $
g/100qg). 8

o

ples. The highest

in @25 was 05.8 g/100g, while

e\*(5 2.4 ¢/100g) and glucose (>29.5

3
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Table 20: Sugar content of honey samples (g/100g)*

Sugar ?'
Honey sample Fructose Glucose Sucrose I\éM
H020 43.60£0.14 24.10+0.98 04.75+0.35 %O. 20.00
H025 44.15+0.35 28.40+1.13 05.80+0.28 0+0.00
H026 40.55+2.47 26.10£2.40 02.00+0.00 .25£0.35
H027 46.30+0.00 28.40+0.00 03.25+0.35 z 01.00+0.00
H028 42.90+0.70 23.95+1.06 OB.OOi0.0N 01.50+0.00
H030 42.45+0.35 33.00+0.28 : 00.00+0.00
HO31 43.35+0.21 29.55+0.35 00.00+0.00
HO32 37.80t0.70  27.40£0.70 | 00,00£0.00
H035 44.95+0.63 30.55+1.76 00+0.00

* Results are stated as mean + standard division (S%
L 4
\ \a‘r
Vi &
5.3.2. Total Phenolic Content \%
The phenolic content was calculatedes?sg gallﬁ\ekt t e'ée.ndard (R?=0.9988, y =

N,
0.005x) as shown in Table 21 an%e 32 Appeniix @he phenolic content of the
&
cia

samples was from 43.80 ug % HT ) to 147.20 pg/ml for HO30
n

(Acacia honey). HO35 ( oney) and (?%thon honey) showed high amounts

7 respectively. However, sample H025

of phenolic contentqoo a %0 U
(Alseder honey) w) (Tu ne;@&owed similar amounts of phenolic which
%0 :

:!)

S

was 50.80 an

A‘o
N
S
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Table 21: Absorbance of Gallic acid standard at 765 nm

Tube no. Gallic acid (mg/ml) Absorbance at 765 an'
1 00.00 0.000 é
2 31.25 0.163

3 62.50 0.283§
, _ S

5 250.0 T 72'

Sample code

HO020
HO025
HO026
HO027
HO028

HO30 Q
HO31

3

g (@% 94.20

HO32$ l) ';;(?219 43.80
N

H “/ 0.575
QY

115.0

@ rotein Content of Freeze Dried Honey Samples using Bradford Method

The protein content of honey samples was calculated using the standard formula
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(Y=0.5259x + 0.0029) as shown in Table 23 and Figure 33 (Appendix 3). All freeze
dried honey samples contained proteins with different concentrations dep@n the
source of honey sample. The proteins content of honey samples was i G@nged from
0.315 to 1.426 mg/mL (Table 24). The highest concentration was ;%026 (Tualang
honey) (1.426 mg/mL) followed by H020 (Hannon honey) angg HO3® (Acacia honey),
1.289 and 1.203 mg/mL, respectively. It was observed tha heWt protein content was
from HO30 (Acacia honey) (0.315 mg/mL) followed 1 AcKhaey) and HO35

g

(Manuka honey), 0.567 and 0.570 mg/mL.

Table 23: Absorbance of BS

No. of Concentration 0%
(mg/mLco

standard

1 OOO\
2 QQ, a‘%‘
N

Z‘ <—§V°:i?j
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Table 24: Protein concentration of honey as calculated from standard curve using the
formula Y=0.5259x+0.0029

Sample Absorbance Concentration ot\:

code at 595 nm protein (mg/m!
HO020 0.681 1.289
HO025 0.452 0. :

H026 0.753

HO027 0.521

H028 0.409 0.

HO030 0.169 é 0.
4

HO31 0.301
H032 0.
HO35 0.

O
« &

\)E ¥ RN,
5.3.4. Peptides Content of rigd H San\ﬁles using OPA (O-
X s>
phthalaldehyde) d s > &
N ' O

The peptide conten{ ney weral¢alculated using the standard formula: y=
0.2924 x -0.01 as% in Jrable % dh

nin fable dd—i@ire 34 (Appendix 3). The amount of peptides

Y
in honey va Weeg'Mp es@he peptides were not detected in H020 (Hannon

Y.
honey), Q(Manuka honey) @HOM (Acacia honey), but peptides were detected in

H026 Xng honey, 1.542 mg/mL), H032 (Acacia honey, 1.140 mg/mL) and H035

( honey, 0.076 mg/mL) (Table 26).
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Table 25: Absorbance of Glutathione standard determined at OD34g nm

Blank Concentration of Absorbance Y'
Glutathione (mg/ml) at 340 nm .
1 0 0 \

2 0.2 0.036 A
3 0.4 0.102 i

5 0.8 \ i
6 1 87’ \'d. Y

H020 0.000 c AY 0.000
H025 0.185 é & 06 g é} 0.204
HO026 1.464 041 & 1.542
H027 o&' Io@ 0.000
H028 o:. 3) \.‘ '3 éész 0.147

Table 26: Peptide concentration of honey samgles z o \ X
Honey sample Absorbance %ﬁ( m Qp'eptide (mg/ml)
code (340 nm) \ Q

H030 Qﬁ?? Q ~2.349 0.721
N
Ho31 N g0 /! c.,(/ 0.000 0.000
H032 Q% 107 \(J 3.714 1.140
HO035 :(ﬁz $ 0.249 0.076
\(:)V

g Erotein Profile using SDS-PAGE for Freeze Dried Honey Samples

The protein content of all freeze dried honey samples was confirmed by the SDS-PAGE
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analysis (Figure 2). The protein of freeze dried honey samples separation ranged from 250

to less than 10 kDa. The molecular weight (MW) of proteins ranged from@ kDa

and, clear bands were observed between 37 to 150 kDa of protein bagg$®™c3pecially by
samples H025 (Alseder honey), HO27 (Manuka honey), H028 (KQeroob oney), HO31

(Acacia honey) and H032 (Acacia honey). V

Figure 2: Protein bands of freeze dried honey using &Y 250
kDa Marker ]{‘U

5.4®ion
@ is a rich source of sugar; the fructose, glucose and sucrose content in honey

samples were significantly different (P<0.05) and, it was observed that fructose was
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highest in all honey, followed by glucose and sucrose (Table 20). Relatively small
amount of maltose was detected in five of nine honey samples namely, WOZG,
H027, H028 and HO35. Similarly, Buba et al. (2013) reported the ples from
North-eastern Nigeria contain fructose that was significantly (P<Q gher than the
glucose and sucrose contents and the amounts ranged from %40 31 g/100 g,
glucose from 27.25 to 39.56 g/100 g and sucrose from 0.53t0 ?’51

However, the amount of sugar in the honeydew sampl ludted ! er than those
reported by White and Doner (1980). They rep that hogeyd iam@' contain
fructose and glucose in amounts of 2.91 to 38. Lﬁ)g 1993 to‘?i .86 g/100g,
respectively; sucrose and maltose were at | weg.e , O 44%8114 9/100g and

5.11 to 12.48 g/100g, respectively. The tent o beraffloral honey samples
contains fructose, glucose, sucrose a Itose g{ e ed from 27.25 to 44.26
9/100g, 22.03 to 40.26 g/100g, O .5 &OOg 2. 7@ 15.98 ¢/100g, respectively
(White & Doner, 1980). Th fe nc %{: t were related to the different
sources of honey evaluat% JI

The phenolic conte ho ey ! on |t urce, season and/or flora and plant types

N
(Molan, 1992; @1 / ﬁbofﬂgfao et al.,, 2003; Estevinho et al., 2008;
Kwakman @7 t s U(@\e highest total phenolic content (147.20 pg/ml)

was prese HO030 (Acacia fe;ag/') compared to other honey samples (Table 22).

Inte HO035 (Manuka honey) and HO020 (Hannon honey) contained high
% ation of phenolic, 115.00 and 106.60 pg/ml, respectively. In contrast the lowest
tal phenolic content (43.80 pg/ml) was detected in other acacia honey samples. The

difference in the amounts of phenolic compounds could be related to the source of honey,
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the method used and/or storage time. Alvarez (2010) reported that the amount of phenolic
compounds in buckwheat, blueberry and wildflower honeys were var&lgand the

contents were 386.00, 163.00 and 138.00 pg/ml, respectively. It was S%d that the
hat

total phenolic content of honey in the current study were lower than s reported by
Alvarez (2010). However, Khalil et al. (2012) found that the 4Qtal phenolic content of
Tualang honey samples ranged from 188.62 to 465.96 mg gw than values reported
in this study. Similarly, Buba et al. (2013) reporte 0 ey from North-
eastern Nigeria contain lower phenolics compound@sand ra vgld fr 59 &Yt’o 72.41
mg/100g. Environment and flower sources in WhIC bee: j’ed?vere reported
responsible for the differences in phenolic co tent

k
Generally, honey contains low protelnmg 4%)i es.iG., 2009; Buba et al.,

2013). The protein content of the h (O 315 to 1.426 mg/ml)

(Table 24), the highest protel #n @ey sample H026 (Tualang
honey) (1.426 mg/ml). Wple ,—103 (Ac oney) showed high content of
proteins, 1.203 mg/ml. ;%Iy, K !' &(2003) reported that the proteins in
honey samples of @ fl |ns commercialized in different states in
Brazil and found@gh alie "rot&) was detected in honey samples of Borreria
verticillata @1 those reported by Khalil et al. (2001), five
different e samples from ne;t.b‘.rn region of Bangladesh contained proteins with
rang 55 to 0.744 g/lOO g. However, Liberato et al. (2013) reported that the

%ntent in Brazilian honey varied among the honey samples, the highest protein

Qt was from Anacardium occidentale honey sample (1121.00 ug/g), followed by

Myracrodruon urundeuva honey sample (845.80 pg/g).
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Detection and purification of proteins and/or peptides from other sources such as

honeybee, bee pollen, propolis are reported by several researchers (Matsu%g Natori,

1988; Casteels et al., 1989; Jr et al., 1995; James et al., 1996; Xu et al g@ Ilyasov et
al., 2012). However, this study observed that honey contains peptidii ETame 26). Honey
e

sample H026 (Tualang honey) showed the highest content ow e (1.542 mg/ml)
compared to other tested honeys. Acacia honey sample OBWwed high content of
'hon ) and HO035

1&‘% 0.076

mg/ml, respectively. Peptide was not detected pre in H92 nnon‘?oney) HO027

peptide (1.140 mg/ml). HO25 (Alseder honey), H harro

(Manuka honey) showed amounts of peptides but at Kger levelsf 0.2

(Manuka honey) and HO31 (Acacia honey). V

k

The freeze dried honey samples Was fi 0 contal rotel ands with molecular

weight ranging from 10-150 K I sa%! é&*clear bands at 50 KDa.
% int

However, there seems to be di ol ular ﬁ%ht of the protein bands. The

freeze dried samples H%SW V,one S%/Ianuka honey), HO31 (Acacia

honey) and H032 (Acacia hoggy) sb,% af' @ds between 37 and 75 KDa, between

15 and 25 KDa and@o I@ reSl@ ndicate that all honey contain protein of

50 KDa but ma@ccfan?@' arﬁeynts of other proteins of smaller molecular
O
weight whic %ﬁ)ntgb Jt d@'ent properties of the honey.

Y.
The an blal activity of has been contributed by a number of compounds

@he honey such as high content of sugars, phenolic compounds, flavonoids,

@en peroxide and/or methylglyoxal (Section 2.5., CHAPTER I1). The antibacterial

activity of honey samples may not be from the high concentration of sugar in honey and

D

ha

&,
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could be related to compounds other than sugar since low concentration of honey was

used to evaluate the antibacterial activity of honey (CHAPTER Ill and 1V). \?

The total phenolic content in the raw honey samples without dilution.%?from 43.80
to 147.20 pg/ml and the honey samples were diluted with a dilutiowﬂbr of 1:5 before
the evaluation of antibacterial activity (CHAPTERS 11l and I henolic content of
evaluated honey samples would be in the ranged from lug/mL Al-Maliki
(2011) reported that total phenolic content of honey sa wa pw orrelated to
the antimicrobial activity against target bactepl d, t rﬁ _nﬁ')mhlbltory
concentration (MIC) of phenolic compounds wa mg L agast bo&ram positive

and Gram-negative pathogenic bacteria. In % inv tro dy Cﬁd out by Nitiema

et al. (2012) and reported that MIC phen con@unds (coumarin and

quercetin) ranged between 0.625 mg/ @y all honey samples at a
dilution of 1:10 showed hlgh heno 0 en‘; ﬁd/good antimicrobial activity.
Additionally, MIC of hongy W Wa, Wer in the ranged from 8.76 to
29.44 pg/ml then prewou%ep ed It is possible that combination of

phenolic compound'% the@com@ds contributed to the low MIC of the
honey samples. %\ ajshb lM a honey which contained low protein and
O

peptide co @( the’a #r ial Ctivity mostly related to methylglyoxal (Section
b 4
25.2., Chaﬁer ) C;*’Y.

d peptides from sources other than honey are known for their ability to inhibit

Orgamsms depending on their type and origin (Matsuyam & Natori, 1988; Casteels

et al., 1989; Jr et al., 1995; James et al., 1996; Xu et al., 2009; llyasov et al., 2012;

“g
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Rybal'chenko et al., 2013; Vriens et al., 2014; Muhialdin et al., 2015). However, there are
reports on the isolation and purification of proteins and peptides from hone be?(gsteels
et al., 1989; Qu et al., 2008; Xu et al., 2009; Aronstein et al., 2010; , 2012)

&ldes in honey

compared to honey. This study confirmed the presence of proteins w

samples from Malaysia, Libya and New Zealand and therefor ested that the

proteins and peptides although present in small amount ¢ Iqually responsible for

the antibacterial activity of honey. l\d
Y

IS
5.5. Conclusion " \’Y.
The honey samples contained sugars o c com pé&ns and peptides in
variable amounts depending on type a source ey n be concluded that the
antibacterial activity of honey ma anot ael@zo the sugars and phenolic

compounds alone, but could

on
concentrations. I
J‘

y th telns and peptides even at low
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