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Abstract

Honey quality is influenced by several factors, including transportation  Received xooox
conditions and length of storage. The-This study aimed to investigate both

the composition,characteristics, and guality of honey from several regions

B = . = Commented [Al]: Remark: Generzlly, sbbreviations are nat
in Riau and Riau honey sent to lJav and—and—te allowed a ke .
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wrech petics areveehiiy o borey sarmples., Honey samples Keywords
were obtained from Sfive districts in Riau Province, namely, Inderagiri Hulu,
Kuantan Singingi, Pelalawan, Bengkalis, and Kampar Regencies. HereyThe
honey parameters observed were based on the Indonesia National Standard
(SNI) of honey. Data were analyzed descriptively by comparing the HMFlevels,
characteristics of haney samples from Riau Province. The—reswlsResults 777777070
showed a significant difference between honey sent and those not sent
between islands. Significant differences were mainly seercbserved in
Hydrewprethytforfurathy droxymethylfurfural (HMF) levels. Almost all honey
samples sent i to Java Island had HMF levels above 50
mg/kg—while. Meanwhil Il Riau honey samples that-were—not—sent
betweenislands-havefrom the five regions had HMF levels below 50 mg/kg.
The diastase enzyme activity slightly higher in the honey samples that
were—frotsent—te—tava—istandfrom the five regions. Land transportation
betweerrislandsto the island decreased the guality of honey as indicated by

diastase enzyme
activity, forest honey,

Horney is a natural product with a sweet taste produced by honeybees from flower
nectar and consumed because-it-has-a-due to its high nutritional value and has-an-influence
er-health benefits, such as antioxidants, anti-inflammatory, antimicrobial, and alse-its-effeet
aa-wound healing. The composition of honey depends on the type of flower, the-season,
environmental factors, and pest-hasvestpostharvest treatment by beekeepers (1,2).

Riau previnee-Province is one of the largest honey producers compared-to-theethers
in Indonesia. HereybeesHoneybee cultivation is prospective enough to be developed in Riau
Province because there—is—a of the gap between the—supply and demand for honey
production. The supply'ssupply of honey is about 8,000 tons/year, whileand the demand for
honey is 20,000 tons/year. Fhe—fulfillment—ofHoney shortage ef-honey—production—is
generaly—impeortedis addressed by importing from other countries byand domestic
industries. Problems often faced by honeybee farmers include simple technology,
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unsustainable honey harvesting, and inability of the heney preduced has et metproduct to
meet the standards or criteria set by the market (3).

Land transportation is a transpertatiennecessary route-thatrmust-betaken for the
delivery of honey outside Riau Province. Mileage that takes days, especially when shipping
between the islands of Sumatra and Java, can resultina-decreaseinreduce the quality of
honey. Fheinfluence—ofpackingPacking and high temperatures during the—land trip using
land-transportation—can also_damage the kheney—composition_of honey, thereby reducing
heorey—its _quality; and consequently deereasing—its health efficacy. For instance,
hidrowypmethyforfuralhydroxymethylfurfural  (HMF) and diastase erzyme—activity are
commonly used as paameterparameters of honey quality—Fheseparameters, and both are
greatly affected by temperature and storage conditions (4.5).

Fhere-has-beerreNo data shewirgare available on the quality of Riau honey samples
and the differences in the quality and composition of honey from Riau Province sent by land
transportation betweesto islands in Sumatra and Java withq::se of honey that only
circulates in Riau Province. The—purpese—ofTherefore, this study wasaimed to
kaewdetermine the characteristics and quality of Riau honey samples, and compare the
composition of honey from several regions in Riau Province with thecompesitenthat of
Riau honey sent to Java Island.

TFhis—study-used-ah descriptive method_was used to determine the characteristics of
Riau honey and the effect of inter- |sland transportatnon on the i composition
of honey samples from five districts in Riau
Province, namely, Indragiri Hulu (Inhu) Kuantan Singingi (Kuansing), Pelalawan, Bengkalis,
and Kampar. FhestudyThis research was conducted from March to June 2019.

Forest honey tested-eensistssamples consisted of HHone}sample-herey from Indragiri

Hulu (Inhu) District, +Hone}-sarmgte from Kuantan Singingi (Kuansing), +Hone}-sampte from
Bengkalis, 2-4two} plas from Pelal n, Hand one}sample from honey farms in Kampar

(kelulut honey). The honey sample from Pelalawan consisted of 1-{one} sample from the
Sorek area and HHonej commercial honey sample.

In the first phase—efthestudy, honey samples from five districts in Riau Province
waswere packaged in plastic bottles and sent to the Riau Provincial Trade Office for quality
analysis. Testing method-forallparameters usedwere adopted from SNI (Indonesia National
Standard) 3545:2013.

In the second stagephase, honey samples from the five districts in Riau Province were
sent to Java Island using land expedition services for fourd days. Honey iswas packaged in
plastic bottles and gpackee—withthen in boxes made of pieces of wood. Honey testing was
conducted at the Agro-Industry Center (BBIA), Bogor. Testing sethedsfor parametersof
diastase enzyme—activity, hidroxymethylfudural {HMF});, water, and acidity wusingwas
conducted following SNI 3545:2013. Ferthe-parametersAnalysis of reducing sugar, sucrose
sugar, total insoluble solids, and ash content usirgwas performed as per SNI 01-2892-1992.
For metal contamination, lead —eadmivmusesthe-MU/MO/10 [AAS) method—Formercury
useswas adopted for lead and cadmium, MU/MO/f12 (AAS}—Arsenic—testing—uses) for
mercury, MU/MO/13 (AAS}—<eepperuses) for arsenic, AOAC.999.11 (9.1.09.2005)—calcivm

for copper, and AOAC 985.35 (50.1.14.2005%) for calcium. Total plate sumbers
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87  werenumber (TPN] was tested wsing—the METHODSfollowing 1SO 4833:2003(E) and 150

88  7218:2012. celifermColiforms were tested with the 2002 BAM method, as-welasand mold

89  and yeast were examined using BAM 2001. BethThe laboratories wherewere accredited for

90 honey sample testing-is dited boratioe.

91 HeneyThe honey samples tested—eonsistwere examined in terms of thirteenl3

92 parameters such as diastase enzyme—activity;, HMF;, water content;, reducing sugar

93  (glucose}), sucrose:, acidity:, total insoluble solidsz, ash:, metal contamination (Pb and Cd}),

84  microbial contamination (total plate count, coliform, mold, and yeast}), and calcium levels

95  tested at BBIA using SNI Parameter in 2013. FerEach sample was measured twice to ensure

96 the validity and reproducibility of the dataeach-sample-wasrreasured-twice—Dataanalysis

97  was—obtained. The results were qualitatively_analyzed to describe the characteristics of

98  several honey samples in Riau and to determine the changes in HMF levels and diastase

99  enpzyreactivity efafter th@ oney was sent to Java.

100 FheThis study was approved by the ethical clearance committee of the Faculty of

101  Public Health Universitas Indonesia (No.: 332/UN2.F10/PPM.00.02/2019, date of issue:

102 Maylg, 2019).

103

104

105

106 Riau is-ere-ef a province in Indonesia and is located on Sumatra Island. The climate is

107  tropical with a maximum temperature of 35.1%1 “C and a minimum temperature of 21 .8%8

108  °C. The average annual rainfall ranges between 1,700 sme-teand 4,000 mm (6).

109 HeneyThe honey samples were analyzed at the Riau Provincial Trade Office using SNI

110 2013 parameters. The characteristics of some Riau honey samples are presestpresented in

111 Table I. Tablet showsthat theThe highest diastase eazyme—activity was found in the

112 Kuansing honey sample (8.16), whileand an average of 0 was obtained for the honey

113 samplesamples from other regions—aversged—0. The requirement for diastase eszyme

114 activity according to SNI is a minimum of 3 DN. BiastaseThe diastase enzyme activity of the

115 honey in this present-study was lower than that of the honey from India and Ethiopia

116 wartedvarying from 36.7 DN to 57.5 DN and from 3.91 DN to 13.6 DN, respectively (7,8)-

117  Otherwiseit but was higher than that of the honey from Malaysia rangedranging between 0

118  teand 0.75 DN (9). The variation of diastase enzyme-activity could be caused by the different

119 typesef-honey’s floral origin.

120

121 A -1 € ited [A2]: Remark: For all tables and figures, the full

aracterl|  Kuansing Tnhu Bengkalls Kampar Sorek Co @l forms of all acronyms /abbrevistions should be used anly once or at
stics first mention [with the abbreviations or initizlismsindicated in a

Diastase Enzyrme-Activity (DN) 8.16 a 0.38 0.34 0.86 parentheses); use the abbreviatians or initialisms in subsequent
bidrosimetylurtualivy/i) | 0 N Y B N0 oo el
Molsture (% B/8) =125 4.2 206 >125 246 194 | reference to the text)
Reducing Sugar (% B/8) £3.36 6418 6337 3777 6714 6337 [ Commented [A3]: Remark: Correct spelling is
Sucrose (% B/B) [ 353 638 0.3 [ 6.14 | hydraxymethylfurfural
Acidity (1 N/Kg) 47,65 4370 94.73 19847 35,86 B2.04
Total Insoluble solid (% B/B) 081 Loz 037 L 1.08 13
Ash (% B/B) 0.48 0.20 054 0.4 0.20 0.42
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Metal Contamination:

! l:’a Mnn a?‘nn jon <034 <034 <0.34 <0.34 < 0.34 <0.34

-~ ( E’(ﬁym o <016 <016 <016 <016 <016
admium -

Microbial

Contamination:

Total Plate Count (Col/G) 1.0X 106 25X 103 6.2 X102 2.8%10% | 69x103 3.7 X103

Colifarm (Apm/G) < 3.0 <3.0 < 3.0 < 3.0 < 3.0 <3.0

Mold And Yeast (Col/G) 2.8x102 3.0x101 2ox10! | 10x10?2 | 70x101 2.0x101
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Diastase—enzymeThe diastase activity in honey is affected by several factors. The
temperature and heating process may decrease the diastase eszyme—content. Biological
differences among species of bees also affect the diastase eszymecontent of honey (10).

The enzyme content in honey is one of the characteristics that are considered
beneficial for health. The main enzymes found in honey are invertase (saccharase), diastase
(amylase), and glucose oxidase. ThediastaseenzpmeDiastase activity is an essential factor
that determines the quality of honey. Although enzymes are a small part of honey's
composition, their presence is associated with health benefitsadvantages, including
nutritional benefits, carbohydrate digestion, and petestialas—as—antimicrobial activity
(11,12).

For HMF level parameters, all Riau honey samples meetmet SNI requirementswhich
are-requirement of below 50 mg/kg (from 0.49 mg/kg to 27.84 mg/kg:). The lowest HMF
level was found in Kuansing honey sample at 0.49 mg/kg. The average efHMF levelslevel in
this study was lower than that of Tunisian honey (12.07_mg/kg to 27.43 mg/kg) (13) and
higher than that of Ethiopian honey (0 to 3.37mg37 mg/kg) (8). The high water content of
honey could increase theits HMF level. q

HMF is a cyclic aldehyde produced from the breakdown of sugar through the
Maillard reaction (a non-enzymatic browning reaction) during food processing or long
storage-herey. The content of simple sugars (glucose and fructose), acidic compounds, and
minerals can increase the production of HMF. The—concentration—ofHME s krown—as—a
parameterthatHME affects the freshness of honey because freshly harvested honey dees
apet-contain minimal and even no HMF-eisprasentinslight ameunts.. HMF concentrations
tend to increase during processing or storage (4). High acid content, moisture content,
sugars, amino acids, and minerals; could increase HMF level (14).

The moisture content of Riau honey samples ranged from 19.4% to >-25%. The
maximum water content according to SNI is 22. Hispreved-byThe honey samples from
Bengkalis witbhad a moisture content of 20.6, and commercial honey withhad a water
content of 19.4. The Bengkalis honey sample has undergone a—dehurmidif ~
erdehumidification, a process of decreasing water content—while—comemereial. Commercial Cornrnerclal
honey is also suspected to have undergone a—process—of-decreasing—water—contentthis
procedure,

The moisture content of Riau honey samples was higher than thesefrem-that of
Tunisia honey (ranged-frem-17.27% to 19.80%) and Turkish honey (15.1% and 20.4%)
(13,15). The ther—ﬁgh_hoisture content in Riau honey samples can be caused by honey

harvesting in the rainy season-thus-affectingthelmolstus Lents.

Honey contains water, fructose, and acidic compounds. Mold can grow in honey
Hwhen the water content of honey is high. Fermentation is a problem in honey. If the water
content iaereasedsincreases, then fermentation and decomposition could rapidly occur

4
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faster (16). Water content in honey is affected by plant species, geographical origin, season
at harvest time, and pestharvestpostharvest processing, such as honey extraction,
processing, and storage conditions (14).

The highest reducing sugar content was detected in Sorek honey samples at 67.14
with-a-(minimum SNI requirement of 65;-while]. The honey samples from other regions
havehad reducing sugar levels below 65. These resuhtsvalues were lower than the reducing
sugar fremcontent of Saudi honey (72.36 + 0.32 g/100 g) (1)-white- and Croatian honey had
reducing-sugar-with an average of 67.69 + 7.05 g/100 g for aecaciaacacia honey and 77.82
12.25 /100 g for chestnut honey (17). The reducing sugar content wasis determined by the
duration of storage and honey collection time (18).

Honey is rich in reducing sugars, notably fructose (38%) and glucose (31%). Both
types of sugar do not require hydrolysis by enzymes in the digestive tract to directly be
absorbed in the small intestine. Fructose may lower hyperglycemia or sugar levels in
experimental mice, healthy subjects, and patients with diabetes. Therefore, fructose does
not enhance blood glucose. Furthermore, its metabolism does not require insulin. Glucose
also increases fructose absorption in the gut (11).

The requirement for sucrose content in honey is a maximum of S—aecordingh®
according to SNI. HeseyThe honey from Kuansing, Inhu, Kampar, and Sorek can—achieve
these regut toWhileachieved this requirement. However, the honey from Bengkalis
and Pelalawan [commercial) did not reach the SNI standard and had sucrose contents of
6.38% and 3.14%, respectively. Tunisian Bereys—hadhoney has a sucrose level below 5%
(0.20% to 4.60%) (13). Multifloral honey from Poland and Slovakia badhas a sucrose level of
4.40% + 1.95% and 4.47% + 2.15,%, respectively (19). Source of plant, immaturity of honey,
and artificial feeding of bees affectedaffect the-high sucrose content in honey (14).

The sucrose in honey is turned into glucose and fructose. High levels of sucrose
indicate premature honey harvesting. Hence, invertase cannot fragment sucrose has-not
been-fragmented-into glucose and fructose-by-the-enzymetnvertase.. Sugar content in

honey is affected by the ratio of fructose-l:hlucose and sucrose content. Crystallized honey

suggests a high level of glucose. Because—afthisTherefore, the glucose in honey is hardly
soluble in water. ln—addition,—heneyHoney also contains other types of sugar that can
impede crystallization (13,20).

ActeitytevelsThe maximum acidity level in honey is 50 N/Kg according to SNI 20134s
maxkmum-S0-MNAe.. Bengkalis, Kampar, and Commercial honey hawvesamples had a high
acidity above 50 N/kg. Acidity-in-Sudan honey from-Sudan-was found-athas an acidity of
51.80 + 1.95 meqg/kg for Apis melifera honey and 98.40 + 1.82 meq/kg for Apis florea honey
(21). HeweverMeanwhile, Tunisian honey hadlewerhas a low acidity ranging from 0.0071
N/kg to 0.0272 N/kg. Different_levels of acidity in honey may be caused by the varied
botanical origin or the difference in harvest season (13).

The characteristics of flower nectar sucked by bees affect the differencein-acidity in
honey. Low acidity indicates freshness, whiteand high acidity indicates the fermentation of
glucose into organic acids. The consistency of honey also affects its acidity. Liquid texture
has a higher acidity than solid texture sireebecause the production of free acid from
fermentation is—easierte—seeureasily occurs in liquid honey texture. In addition, acidity is
affected by the length of storage. Free acids fesmation-produced by fermentation during
storage will increase the acidity of honey: (20).

_—| Commented [A5]: Remark: The en dash (=} is often used to link
iterns of equal rank.
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TetalThe total insoluble selidsolids in this study ranged from 0.37% to 1.90%.
Accordirgta-SNI 3545:2013—ts_imposed a maximum of 0.5%—and—is%, which was only
achieved by Bengkalis honey. aBy contrast, Turkish honey kadhas a weak total insoluble
solid content between 0.001% -and 0.080% (22), and Ethiopian honey had-water-has a total
insoluble solid atcontent of 0.005%—%—0.22%. Honey needsrequires a proper procedure to
avoid contamination with insoluble solids (23). A high number of insoluble solids in honey
Hke, such as impurities or other particles, could indicate a—poor hygienice—poast
harvesthygiene during postharvest honey process.

All honey samples meetmet the maximum ash content according to SNI (not more
than 0.5%}—Excepit), except for hereyfrom-Be ngkaliswhich-has honey that had a slightly
higherhigh ash content (0.54%). Hereyfrom-Sudan contatredhoney contains 0.26% (Apis
melifera) and 1.16% (Apis florea) ash content (21), while—honeyfromand Brazil have
eantentshoney has an ash esastiteentcontent between 0.11% and 0.95% (24).

Ash levels indicate mineral content and are affected by honey extraction methods
and-alse-by bee food (21,25). Other factors can influence ash content in honey, such as
environment, geography, and vegetation (24).

For metal contamination, all samples—efRiau honey seetsamples met the SNI
requirements (<2.0 mg/kg for lead and <0.2 mg/kg for cadmium). Herey samples from
Turkey had-lewerhoney has low lead (mean of 0.04 + 0.09) and cadmium with—a-(mean of
leadcontentB-04-+ 000 snd-rrean-olcadmivmconteat0.0002 £ 0 contents. In EripaChines
honey, the average contents of lead and cadmium is-the-heneysampleswereare 1.34-pplke
and 33.98 pg/kg, respectively (26,27). Most of Riau honey samples were derived from
multifloral honey or forest honey distant from industrial areas. For this reason, the
concentration of heavy metals was low in Riau honey samples.

Bees can fly up to a radius of 4 km from the hive-se-thatthey-ean, allowing them to
access an area of 50 km?. Contact of bees with air, soil, and water cause_their honey to
contain heavy metals. The level of heavy metals in honey can indicate the number of heavy
metals found in the environment. Contaminated air, water, and soil as—wel—sasand honey
processing infiiencedinfluence the composition of heavy metals in honey (11,28).

Although the—amount—of-heavy metals isconstitute a small part of honey, i
determinesthey are crucial in the quality of honey. Honey can contain heavy metals such as
lead and cadmium that can damage health (11). Furthermore, heavy metals such as Pb, Cd,
Hg, Cr, Cu, Mn, Ni, and Zn are nen—biedegradablenonbiodegradable substance that can
accumulate in the human body and cause health problems.—For—example;, including
metabolic and respiratory disorders, headaches, nausea, and vomiting (28).

Total Plate Number {The maximum TPC) according to SNI maxdmum-is <5 x 10° cfufg.
Kuansing honey and Sorek honey havehad TPC abowve SNI, namely, 1.0 x 10° and 6.9 x 10°
cfufg, respectively. Similarly, TRE—in-heneyfrom-Nigeria rangedhoney has a TPC ranging
from 1.0 x 10* cfu/ml to 1.2 x 10° cfu/ml-, and kereyfrem—Ghana was—foundhoney has a
TPC between 6.0 x 10" and 1.1 x 105 cfu/mil (29,30).

TotalPlate—Mumber—(TPC} indicates the number of microorganisms ef-beth
[pathogenic and ses-pathegenienonpathogenic) in honey. For example, Bacillus sp.,
Clostridium sp., Micrococcus sp., Lactic-Acid-Baeterialactic acid bacteria, yeast, and fungi
wereare present in honey. These microorganisms could originate from the air, soil, water,
dust, pollen, and nectar. In addition, unhygienic conditions wherduring honey extraction,
processing and packaging may cause hereymiaoorganism contamination byrriereergarisrasin honey (30,31).

6
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Honey can load microorganisms, such as bacteria, mold, and yeast. Contamination in
honey can occur either through primary sources (pollen, flower nectar, dust, soil, body, and
digestive tract of bees) or secondary sources efpest-harrestduring postharvest processing
wibbF e as o] tamination, such asfrem humans and equipment (32,33).

All honey samples fulfill-Celifermfulfilled coliform requirements iei.e..., <3 APM/g-
AH-Riat-heoneysampleshavenot-met_but failed to meet the requirements for mold and
yeast because ef-they have-exceeded SNI requirements, which—are-i.e., <1 x 10* APM/g.
Similarly, the amounts of mold and yeast found in Croatian honey m&ﬁabove the
accepted standard for yeast-and-mold-The-melds-were at 18-te-—182 cfu/g and the-yeasts
werefor yeast at 18—te—1,300 cfu/g. The presence—of—molds in Croatian honey
cameoriginated from primary sources such as the digestive tract of bees (34).
Microorganisms are found in honey sineebecause they can survive in high sugar solutions;
and acid conditionsand-antimicrobialpropertesofhoney (29).

Most microorganisms in honey are not harmful to health. AstimierebialThe
antimicrobial properties in honey can inhibit the growth of microorganisms. However,
honey may contain Clostridium botulinum, which leads to infant botulism. Consequently,
honey is not recommended betsggiventefor children under esel-year-old (31).

Table Il shows resusresfthe honey quality test reseltresults with 13 testparameters
based on SNI 3545:2013. Based-on-table it appearsthat-noneNone of the Riau honey
samples eaf—meetmet all the honey requirements based on SNI in 3545:2013. Honey
samples from Kuansing, Inhu, and Sorek eaameet-8met eight SNI requirements, whileand
honey samples from Bengkalis, Kampar, and commercial honey samples eapmet only meet
Fseven SNI13545:2013 requirements-2013.

Resume Of 3
Honey Samples Test
Parameters

| I z 3 4 5 3] 7 8 g 10 11 12 13
Kuansing v v X X v v X v v v X v X
Tnhu X v X X v v X v W v W v X
Bengkalis X v v X X X v X W v W v X
Karnpar X v X X v X X v v v v v X
Sorek X v X W v v X vV v v X v X
Komersial| X v v X X X X vV W v i v X . { C

CERgyene

Each of the three honey samples that achieved the eight SNI requirements had
priorities. Sueh—as—Kuansing honey samples eentainingshowed high activityof diastase
enzymesactivity, Sorek honey samples eontaininghad high levels of reducing sugar, and Inhu
honey samples esatatringcontained low total plate numbers.

HeneyThe honey samples sent to Java were analyzed at BBIA, Bogor. Fhere—were
ehanpesChanges in the composition of honey samples were observed, primarily in the level

7
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of diastase enzyme-activity and HMF levels. These two parameters are affected by the heating
process and have a negative correlation. Diastase erzyme-activity tends to decrease when the

heatingprocesspretengs,whiletheisprolonged, and HVIFlevelindinesten dstoincreasewith heating time (7). Tablelll
provides the changes in the composition of Riau honey sent by land transportation to Java
Island.
CharasteristiesCharacte] Kuansing [GLTY) Bengkalis = Karmpar Sorek Commercial
ristics
| Diastase Enzpme-Activity [Dn] 0 0 0 0 0 1.83
HydroxymethyFurfural {Mg/Ke] 128 153 0 129 713 0
alsture (% B/B] 750 736 19.1 339 733 175
Reducing Sugar |% B/B] 64.0 5.7 574 78.7 CBA 61.2
Sucrose (% B/B] 171 [1] 768 0 10.1 7.70
Acidity (1 N/Kg) 315 333 BET YR 373 “3IRIT |
Total Insoluble Solid (% B/B] 0.04 0.23 0.76 0.65 0.39 0.16
Ash (% B/B] 0.08 0.09 0.40 0.00 011 0.42
Metal Contamination:
Lead (Mg/Kg) <0.034 <0.034 <0.034 <0034 < 0.034 <0.034
Cadmium (Mg/Kg) <0.007 <0.007 <0.007 <0.007 < 0.007 <0.007
c /Ke) 009 0.02 0.04 0.34 0.09 0.15
opper (Mg/Kg <0.005 <0.005 <0.005 <0.005 <0.005 < 0.005
Mercury (Me/Kg) <0.013 <0.013 <0.013 <0013 | <0013 <0.013
Arsenic (Mg/Kg)
Microbial Contamination:
Total Plate Count (Kol/G) 12 22 < 130 < 130 52 53
" < < < - < <
Coliform (Apm/G) <10 27 <10 <10 <10 <10
Mold [Kol/G) 4.9x102 1.8X%102 <10 <10 7.4X102 <10
Yeast (Kol/G)
Calcium (Mg/100 G) 974 186 270 185 121 127
Aeshewnn-Table 3—tcould-beobsorved-that-therets shows a kignificant] decrease | Commented [AZ]: Remark: In scientific, technical, and medical

fields, significant / significance / significantly should only be used

in the quality of honey after inter-island delivery, especially in the levelefdiastase enzyme
activity. Almost all honey samples havehad 0 (zero) activity of diastase-enzyme, except for
the commercial honey from Pelalawan which-has-with a diastase enzyme-level of 1.83 DN;
but—it. This value is stil-underbelow the SNI reguirements—whichrequirement, that is, a
minimum of 3 DN.

Fhe—enzypme—Diastase activity efeHastase—is a measurement of a-amylase and B-
amylase activityactivities and is often used as a quality parameter of honey. Diastase
enzpme activity decreases due to heating (9). BecreasedA decreased diastase emzyme
activity can be caused-bytheinfluence—ofdue to transportation between the islands of
Sumatra and Java,<ensidering-the conditionof. The storage conditions of honey samples
eauses-prior to transport might have caused heating in honey ea-the-wayduring transport
for fourd days.

HMF levels increased significantly (=50 mg/kg), except in Bengkalis honey samples
and commercial honey samples which-hadwith HMF 0 levels. This eould-eceurphenomenon
occurred because HMF had—undergenethe breakingbroke down into levulinic acid and
formic acid-hesece. Hence, HMF was not detected.

The determination of HMF in honey samples aims to find out the freshness of honey.
Increased HMF is associated with prolonged storage at high temperatures or excessive
heating of honey. The HMF level acceptance limit varies by country and is Bigherhigh in the
tropics at 80 mg/kg (4,18). Based—enAccording to SNI 3545: 2013, HMF levels in honey
aremust not be more than 50 mg/kg.

when referring to a statistical threshold and with a p value. In the
absence of a pvalue, use remarkably or substantially instead.




323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
|360
361
362
|363
364
365
366
367
368

Canrea Journal: Food Technology, Nutritions, and Culinary, 2020; 12 (2): 24-38

Factors that can affect the formation of HMF include high temperature, low pH,
prolonged storage, high water content, and-the use of metal box (4). Honey samples sent by
land transportation can increase HMF levels due to storage conditions that cause the
heating of honey during a feurd-day expedition. The high water content in 4four honey
samples (Kuansing, Inhu, Kampar, and Sorek) can also affectinduce the increase in their HMF
levels in the samples,

trmanyresearch-HMF has beenreported-te-have-negative effects on human health,
such as sitetesiecytotoxicity on mucous membranes, skin, upper respiratory tract,
chromosomal aberrations, and carcinogenic effects on humans and animals. However,
recent research hasshewashowed that HMF has positive effects such as antioxidants, anti-
allergies, anti-inflammatory, and anti-carcinogens. These studies—are—stiliresults were
obtained at the preclinical stage and therefore teguicesrequire further research (4).

For other parameters, no significant changes were seerobserved in the honey which
was—sent to Java. MeasurementofcalcivmCalcium levels was—were only eerducted—at
measured in BBIA Bogor, and it-wasconcluded-that the highest ealeiumtevalswere of 270
mg/kg was found in Bengkalis honey,—270-mg/kg. The calcium level in this study is-was
higher than that in honey from natural hives in Nigeria which+angedthat ranges between
37,76 and 40,90 mg/kg (35); and —honey from Tunisia whichranged fromthat ranges
between 221,07 teand 113,85 mg/kg honey (13).

The predominant minerals in honey sueh—asare potassium, sodium, calcium, and
magnesium (14). The eslerefhoneydeterminesthe-mineral content of honey is manifested
in honey—whichits color, that is, dark honey has more minerals than light honey (35).
Consumption of honey provides calcium that is easily absorbed and could strengthen bone
mass. This_mineral could reduce the risk of osteoporosis or low bone mass-which-s, a cause
of fractures especially in the elderly (36).

None of the analyzed Riau’s honey samples kawve—fulfiled all SNI 3545:2013
requirements. Only 3three honey samples—eowd—fulfil8—requirements—from—13—ShH
reguirements, namely Kuansing, Inhu, and Sorek honey samples, white-3-ethercould fulfill 8
out of 13 SNI requirements, and another three honey samples could esby-meet 7 out of 13
SNI 3545:2013 requirements. There-was-aA decrease in thelevelof-diastase enzyme-activity
and an increase ef-in | were observed in the honey whieh—was—sent to Java.
tardTherefore, distance and storage conditions must be considered in the land
transportation of honey out of Riau Province needste-considerthedistance—and-storage
conditions-in-orderto maintain honey quality.
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