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ABSTRACT

Honey contains glucose oxidase which converts glucose to gluconic acid
and H;0,. This enzyme is active in the unripe or dilutec honey. Produced H;O: is
unstable and is decomposed to oxygen and water Adding a chromogen, in the
presence of peroxidase, oxygen oxidizes this chromogen and changes it from
colorless to be colored. In the present study, accumulation of H>O; (as an activity
measure of glucose oxidase) in honey was monitored in the presence of leuco-
crystal violet. Three common Egyptian honeys from different floral sources;
citrus, clover, and cotton produced during three successive seasons were tested.
The obtained results showed that fresh honeys exhibited higher enzyme activity
than those stored for two or one year, respectively. Cotton honey had the higher
enzyme and H,0, activities followed by clover honey, while citrus honey was the
least active one. It was observed that dilution of honey increased enzyme activity
gradually with increase in dilution rate, simultaneously the time needed for
reaching a maximum concentration of H,O, was extended. From these resuits it
could be concluded that this method could be used to judging honey quality and
distinguishing those stored or adulterated honeys.
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INTRODPUCTION

Many factors were found to affect honey quality such as bec-keeping
practices, packing trcatments. honey components and storage conditions,
Enzymes are among the most interesting and the most important components of
honey, not only because they have nutritional significance in human diet, but also
because they play a vital part in the preduction of honey from its ultimate raw
plant materiai (Codex Alimentarius., 1998; Oddo et a/. 1999, and Vorlova &
Celechovskd, 2002). Of these enzymes, glucose oxidase (GO) which oxidizes
honey glucose and produces gluconic acid, the principat acid found in honey, and
H;O; which is an important microbicidal agent. GO is most active in diluted or
unripe honey, and is most active when the sugar concentration is 25-30% (Crane,
1990). H;0; quickly breaks down into water and oxygen, and its production and
decomposition are continuous while the nectar is being converted into honey.
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Prolonged storage of honey influences the peroxide accumulation
(Dustmann, 1972; Wakhle & Desai, 1991).

The present study describes a quick and a simple enzymatic method for
evaluating honey quality by determining H,O- in fresh and stored main types of
Egyptian honeys using leuco crystal violet (LCV) stain according to the foilowing
equations:

f-D- glucose + water + oxygen + GO — gluconic acid + H,0,

H;0; + LCV (reduced form or colorless) — H20 + LCV (oxidized form or
colored). The oxidized form LCV was colorimetrically measured and the quantity
of H;O, was determined using standards.

MATERIALS AND METHODS

1. Locations

Citrus honeys were obtained from an apiary situated in Bneha, Qualubia
Gov., while clover and cotton ones were obtained from the apiary of the Faculty
of Agriculture, Fayoum University, Fayoum Gov., Egypt. Bee colonies in these
apiaries were situated in Langstroth's standard hives and headed with local hybrid
Carniolan, Apis mellifera carnica, queens.

2. Samples

Nine honcy samples from three unifloral sources; citrus (Citrus spp.),
Egyptian clover (Trifolium alexandrinum) and cotton (Gossypium vitifolium)
were obtained by ordinary beckeeping practices. Floral sources of the tested
honey were ascertained by categorizing their pollen contents according to the
mellisopalynological examination given by Louveaux ef al. (1978) in addition to
microscopical identification mentioned by Owayss er al. (2004) for Egyptian

honeys.

Stered honey samples were packed in opaque glass bottles and kept in
dark at normal room conditions (28 £ 10 °C). Timing of stored and non-stored
samples and assay is shown in the following table:

Type of Honey

_Date of Harvest

) DI i

Citrus

1. April 13, 2003

1. April 25, 2005

7. April 17, 2004

2. April 25, 2005

3. April 19, 2005

3. April 25, 2005

Clover

1. June 20, 2003

1. June 30, 2005

2. June 22, 2004

2. June 30, 2005

3. June 24, 2005

3. June 30, 2005

1. July 26, 2003

1. August 06, 2005

2 July 28, 2004

2. August 06, 2005

el 30, 2005

%.
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3. Reagents

1. Horse radish peroxidase {Sigma Chemical Co.) solution was prepared on a
daily basis (17.25 1.U. / ml phosphate buffer pH 6.8).

2. Leuco-crystal violet (LCV; Aldrich Chemical Co.) in 0.5% HCI.

3. Phosphate buffered solutions (0.15 M, pH 6.8, a mixture of KH,PO, and Na,
HPO.) were prepared. All reagents were stored at 0-2 °C and kept protected

from light.

4, Dilutions
Honcy samples (5g each) were diluted as follows:

One) DI (1 honey: 1 dist. water wiv),

Two) D2 (] honey: 2 dist. water w/v),

Three) D3 (1 honey: 3 dist. water w/v), and

Four} D4 (1 honey: 4 dist. water w/v). Diluted solutions were magnetically
stirred for one min., then filtered through Whatman No. 1 paper.

5. Assay

The proposed enzymic method was based upon the research works of
Lerke et al. {1983) and modified by Lpez-Sabater ef al. (1993). The method was
based on the action at pH 6.8 of the diamine oxidase enzyme over the histamine
present in the sample to be analyzed (fish extract or standard). This enzyme
catalyses the breakdown of histamine. As products of enzymatic aclivity,
imidazole acetaldehyde, ammonia, and hydrogen peroxide were formed. A
second enzyme (peroxidase) in the presence of a chromogen (LCV) in reduced
form {coloriess), caused its oxidation into crystal violet (colored form) measured
colorimetrically.

Filtrate of honey solution {500 pl) was pipetted into a cuvette and the
following reagents were added: (a)lml of phosphate buffer, (b) 500ul of
peroxidase solution and (c) 100 ul of LCV. The mixture was blended by a vortex
device, then the development in absorbance, as a result of GOA, was recorded for
about 4 hrs. using a Spectronic 2000 (Bauch & Lomb} at 580 nm. The absorbance
readings were converted into concentrations as ppm H,0; by means of a standard
curve prepared using different concentrations of H;O, 30% {Merck Chemical
Co.).

6. Statistical analysis

Obtained data were statistically analyzed according 1o the methods given
by Snedecor and Cochran (1967) and computerized by Minitab® for Windows®
system.

RESULTS

It is worth noting that in preliminary experiments of this study, sugar-
adulterated honey or artificially-made honey (fructose 40%, glucose 30%, sucrose
3% and water 20%) had zero absorbance, vice versa natural honeys.
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The cffect of type of honey, season and dilution rate on H.O
accumulation during four hours as a result of GOA are illustrated in figures 1, 2
& 3. Also, standard deviation and standard error values were shown in tables 2 &
3.

From data illustrated in figure 1 (a, b & c) it is noticed that H,O,
formation, as a result of GOA, in citrus honey increased more slowly and the rate
of formation was affected by scason and dilution, however citrus honey of season
2005 showed slightly increase in HO; as compared to seasons 2003 or 2004.

Data graphicaily presented in figure (2) show that GOA in clover honey
was also affected by season and dilution rate. Clover honey of season 2005
showed the highest concentrations of H;0,. Also the same trend was noticed with
increase in dilution indicating H,O; increase.

The data in figure 3 indicate that HO; in cotton honey (scason 2005)
increased gradually and reached maximum concentrations (1.15, 2.13, 3.05 &
3.98 ppm) after 15, 25, 35 and 45 min. at D1, D2, D3 & D4, respectively, but
decreascd gradually to minimum concentrations (0.42, 0.88, 0.79 & 1.08 ppm)
after 150, 105, 140 and 150 min., respectively then was stable till the end of
experiment time. The same trend was noticed for season 2004, but cotton honey
of season 2003 showed slow increase, reached maximwmn amounts (0.92 & 1.94
ppm) after 120 and 140 min. at D1 and D2, respectively then was stable till the
end of experiment time,

DISCUSSION

l

The low formation of H;0O; in citrus honey may be attributed to
supplementary feeding of bee colonies (by beekeepers) on sucrose syrup in this
time of season coinciding with short nectar flow. It was also observed that H,O-
increased (in all tested samples) with increasing in honey dilution. This relation
was also mentioned by Crane (1990).

The reduction in the rate of H,O, formation may be attributed to the
decrease in LCV by some components in honey, and may aiso related to color
dilution of LCV. In this regard, White (1975) showed that the decrease in H,0,
might be attributed to the oxidation of some components in honey such as
ascorbic acid by the oxygen which produced from breakdown of H,O, into
oxygen and water.

From the aforementioned results it could be observed that the GOA was
affected by both of season and rate of heney difution, since, the activity decreased
with the increase in age of honey sample, vice versa, increased with the increase
of dilution rate.

Tested cotton honey showed the highest GOA followed by clover honey
and this may be attributed to the high temperature during production period.
Contrary, citrus honey showed the lowest activity. Also, HO: decreased with the



A Modified Method To Determine Hydrogen Peroxide .....1633

prolonged storage, i.e. fresh samples (season 2005) showed a highest activity
compared to stored samples (season 2003). In this respect, some authors
mentioned that prolonged storage of honey influences the peroxide accumulation
(Dustmann, 1972; Wakhle & Desai, 1991).

More diluted honey samples showed the highest H;O, formation as
compared to less diluted ones and that may be attributed to GOA which is
reduced to the sugar concemtration increases (Postmes, 1995). The glucose
oxidase enzyme activated by dilutions of honey generates H,O; which, generally,
is the major antibacterial factor in honey production. This enzyme is inactivated
by heating honey, and by exposure to light in some honeys which contain a
sensitizing factor. Some honeys also contain substances which destroy the H.O;
generated by the enzyme (Molan, 1992a & b).

Another explanation for why glucose oxidase is inactive until the honey
is diluted? That, its activity is suppressed by the unfavorable pH in ripened honey
and the enzyme has an optimum pH of 6.1 with a good activity from pH 5.5 10 pH
8. but the activity drops off sharply below pH 5.5 to near zero at pH 4. These
findings could easily be explained by the acidity of some honeys keeping the pH
too low for the enzyme unless diluted (White ef al. 1963; White & Subers, 1964
and Schepartz & Subers. 1964).

Consideration needs also 1o be given to the effect of dilution of honey on
the concentration of substrate with the enzyme requiring such a high level of
glucose for maximum activity. The rate of production of H,0, decreases acutely
when the level of glucose is lowered, as would happen when honey is diluted a lot
(Molan, 1992a).

The maximum levels of accumulated H;O» occurred in honey solutions
diluted to concentrations between 30% and 50% (v/v) with at least 50% of the
maximum levels occurring at 15-67% (vAv) (Bang et al. 2003),

On the other hand. some factors which oppose H,0, formation e.g.
catalase or ascorbic acid (vil. C). Catalase, when present in relatively large
amounts in honey, may destroy H,0; to produce oxygen and water. Vitamin C,
present naturally in a few types of honey, is oxidized readily, and therefore,
reduces H,O, (White, 1975 and Kerkvlier 1996). Removal of H,O; produced by
the addition of ascorbic acid, gave five-fold increase in the rate of reaction
(Schepartz, 1966). According to Postmes (1995), a high iron content of the honey
also results in a reduction in HyO,.

In a conclusion this present technique could serve as a simple and a
quick method as a quality criterion for honey (freshness, storage and
adulteration).
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Table (2): Std. Dev. of hydrogen peroxide in tested honeys after dilutions (D1
to D4).

Season 2005

D2 D2
0.1 . . 2|04
19 56
0.5 . . . . 1.0
42 14
0.8
46

Season 2003 Season 2004

Dl | D2 D1 | D2 D2
0.015)0.018 0.04810.033 . 0.067
0.0500.080 0.06310.14910. 0.149
0.05910.12 . 0.064 | 0.

ACKNOWLEDGEMENT

The generous facilities and heartily help of Dr. Farouk M. Gadallah,
Assis. Prof. of Plant Physiology, in the same Faculty, are very much appreciated.

REFERENCES

Bang, L. M: Buntting, C and Molan, P.C. (2003): The effect of dilution on the rate
of hydrogen peroxide production in honey and its implications for
wound healing. J. Altern. Complement. Med. Apr., 9 (2): 267-73.

Codex Alimentarius Commission (1998). Recommended European Standard for
honey. Cil1998/ 12-8. Joint FAQO/WHO Food Standard Programine,
Rome, Italy.

Crane, E. (1990): Bees and Bee-keeping. Scientific, Practice and World
Resources. Ist ed., Heinemann Newnes, Halley Count, Jordan Hill,
Oxford OX2 8EJ, London, UK.

Dustmann, JH. (1972): Uber den Einfluss des Lichtes auf den peroxide-wert
(inhibin) des Honings. Zeitschrifi fur Lebensmitte-untersuchung und
Forsclung 148 (5): 263-268.

Kerkvliet, J.D. (1996); Screening method for the determination of peroxide
accumulation in honey and relation with HMF content. J. Apic. Res.
35 (3/4): 110-117.

Lerke, P.A; Porcuna, M H; and Chen, H.B. (1983): Screening test for histamine in
fish. J. Food Sci. 48 (1): 155-157.



1638 Annals Of Agric. Sc., Moshtohor, Vol 44(4), 2006

Lépez-Sabater, E.I; Rodriguez-Jerez, J.J; Roig-Sagues, A.X; and Mora-Ventura,
M.T. (1993): Determination of histamine in fish using an enzymatic
method. Food Additives and Contamination 10 (5): 593-602.

Louveaux, J, Maurizio, A and Vorwohi, G. (1978): Methods of
mellisopalinology. Bee Wid. 59 (4): 139-157.

Molan, P.C. (1992 a): The antibacterial activity of honey. 1. The nature of
antibacterial activity. Bee Wid. 73 (1): 5-28.

Molan, P.C. (1992 b): The antibacterial activity of honey. 2. Variation in the
potency of the antibacterial activity. Bee Wid. 73 (2): 59-76.

Oddo, L.P; Piazza, M.G; and Pulcini, P. (1999): Invertase activity in honey.
Apidologic 30: 57-65

Owayss, A. A; Rady, M. M; and Gadallah, F. M. (2004); Pigmentation of some

_ honeybee products. Fayoym J. Agric. Res. & Dev. 18 (2): 121-132.

Postmes, T. (1995): Honey dressings for burns, a two-way approach. Report of
the department of internal Medicine, Academic Hospital, Maastricht,
the Netherlands (2nd ed.).

Schepartz, Al (1966). The glucosc-oxidase of honey. IV. Some addition
observations. Biochimica et Biophysica Acta 118: 637- 640,

Schepariz, A, and Subers, MH. (1964). The glucose-oxidase of honey. 1.
Purification and some general properties of the enzyme. Biochimica et
Biophysica Acta 85: 228-237.

Snedecor, G.W; and Cochran, W.G. (1967): Statistical methods, 6th ed. The Iowa
State Univ. Press. Amcs, Iowa, USA.

Vorlova «L; and Celechovska «O. (2002); Activity of enzymes and trace element
content in bee honey, Acta Vet. Brao, 71: 375-378.

Wakhle, D.M; and Desai, D.B. (1991): Estimation of antibacterial activity of
some Indian honeys. Indian Bee Journal 53 (1/4): 80-90.

White, J.W. (1975): Composition of Honey. In Crane, E. (ed) Honey: A
‘Comprehensive Survey. William Heinemann in co-operation with
IBRA,; Lendon, UK; pp. 157-206.

White, J.W; Subers, M.H; an d Schepartz, A1 (1963). The identification of
inhibine, the antibacterial factor in honey, as hydrogen peroxide and
its onigin in a honey glucose-oxidase system. Biocmimica et
Biophysica Acta (73): 57-70.

White, J.W; and Subers, M.H. (1964): Studies on honey inhibine. 4. Destruction
of the peroxide accumulation system by light. J. Food Sci. 29 (6): 819-
828



A Modified Method To Determine Hydrogen Peraxide .....1639

Sadll Jub Bage (5 SdipaS gt gl (B gh dalki k) Alsas 4 5

romss daal Gal ¢ * agaas gl Gl a8 page
- Al MR A Wyl *t LW Lo gl iy pgle ™
- o ppill daala
G iy Sl 3 (any Jo 4T gSe Gasda pardall Jadll Jue (5 g
e o pslll e Juall B Jaly o3y GanmSsl a8 lal w3 tein
Wil sla pada M daadl i eSlall (S Jigads gy oladl Juuadl ciyiss
iy commuSly ela ol O Cab Y Gl e say e oued Sl B9y
e Lghgady Aanall 3008l e cpanasY) 130 Jny Clapall Gans 3 gy dla
Jpane gl w5 sy (8 i3y Ll ) el s Aapae 3 ) pual
Ay s a9 el 3puSh 38 RS A e iy Dl 5l 236 el S

AN e S gl 5Slall a3l Ll e 553 oty Jlg S48 o dasa
il 3 D0 i A (Ol gl pl) Jadll Jue e T 158
Yoot e YouX sl b gl Juall (2333 5. Y0 a0 0 Yo g YooY A,
Lo il il Canaza g a8y 26 50l 5 ) o Gila 30 ad DN 4 Bppla j Dl e 4
P
Gad (e DaS ety Syl 558kl Y Wl Wl ol Juwe peol

el el et pal) Jose (1S Laiy pne 3l o iy Cpm g sl S
LSl B8 A a8 G ainil pa Al Aagii Jueall oo Y1 LAY SG .

SHlS Ly ple sad & W e pale daad DA Ciall d aa gyl

Oy -Juaadl a3 pEaal TN £ 41 4 oy Wl Wlel 2y jUall Citial

Bloah e ol Uy daal Juall clue cigdas Jaaa b Al 0 Da

TR TR PR YLy (VDR S\ I RVE Ty [ NIVH R B T PR LN AN VR Y |

O xSl G4 Oa 385 el I Jgea gl o3 il ala 3l
il 8 Ang por g Agn g Amgany Agaa oS Ay Hlall 020 pladid Sy Gas laay @

At g @Gl y Rgagalall Jlae i n Sl Jaill Jue 334 Je





