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TOBYUJICOH YI'C

DPPH 2,2-diphenyl —1-picrylhydrazyl

HPLC High performance liquid chromatography

IC50 The half maximal inhibitory concentration, 50% napauryiiiax
XIMAKII

RNS A30TBIH HIBBXHUTIH X3J109p

ROS XY4HJITOperyuiitH HA3BXUTI X3J103p

AXb A3HiiH XOrK/JINiH 0aHK

Buramun Bur

MD3DX MaJs SMHJITHMHH XYP33JI3H

HYX HumrH yeuiin xpomarorpapu

H®a Huiin6sp paaBonong

H®H Huiin63p penoar Harma

OMIIIX OHep MIAPIMIKUT IIMHIIHUI XpoMaTorpapuiin

XAA Xen06 ax axyi

XAAHUC Xe/100 a:x axyilH UX CYpryy.b




2. YP IYHTUIAH XYPAAHT'YHI

MoHTro0J1 36rMiiH 0aJTHbI AHTHOKCHIAHT HIAIBX 00J10H 3apuM aryyJira

3eruiiH OadHBl AHTUOKCHJAHT HWIPBXUIH TOJ XYYWMH 3YWJI Hb TYYHA aryyiargax (eHomiT
HATIYya ©Oa 1mryynm xamaapantail  Oaiimar. 3eruiiH OasiblH  QHTHOKCHUIAHT — HMJIDBXUUT
TOJOPXOMIOXBIH TyNJ Oua HUMIAH yewiiH xpomarorpadu (HYX), HuiinOGsp ¢enont Harmdn
(H®H), auiin6sp dnaBonoun (HOn), suramun A, E, C 39p3r aHTHOKCUIAHT UI3BX Y3YYJIAT
wryya 6onon K, Ca, Fe, Zn 33par apmact 6oaucyyasir 4 6airyynrsid HUiT 10 3eruiin GamHbl
OYTIAAXYYH] MIUHKWDK TYTHICHH.

TypluaTelH HUNWT JPKHYYIIOC TYypBaKMH Oynaa, O3pIRIAr, MaHTHp, TaHra LPLUATCUNAH
OaJIHYyZl OHAep CalH Y3YYJATYY Y3YYAcaH. ['ypBamkun Oymaansr 6an HOH 2.79 mr/r, HOn
0.18 mr/r, Butamua E 1.27 MKr/r y3yyadJITTIHI?3p XaMTHHH OHIOp JIyH Y3YYJICOH, raHra
muruie 6an HOH 1.98 mr/r, H®x 0.16 mr/r, Butamud C 6.41 Mkr/r, sButamud A 0.92 MKr/r
6o10u DPPH ueneet panukaneir 50% napanryiinax xamx33 DPPH 1C50% 32.18 mr/mu 33par
eHmep y3yymar xapyyican. DPPH IC50% vy3yymant Gara Gaiix TycMaa WiIyy CallH YTTBIT
aryynax 6a 0apupipr ManrupbiH 6an 31.53 mr/wut, Butamun E 0.94 Mxr/r Gaiiraa Hb XaMTHIH
caiH y3yyJanT OalicaH.

Opasc 6oauckiH XyBeI K 6566 mr/in, Ca 5688 Mr/m xamMx33T3ii ranra UpIIruiH 0anan] XaMruiH
UX23p aryynarjcas IyH rapcan 6on Fe 2294 mr/n pancein 6anang, Zn 748 Mr/i oJioH IPLATCHITH
Oanan aryyiargax 0airaa Hb TOITOOTIIOO.

DOHAXYY cynainraa Hb MOHTon opHbI OaiiranuitH Odnmu’dpuitH OOJIOH Tapumall — ypramsiaac
XypaacaH OJIOH H3p TOPJIUHH 36THifH 0ajaH/] aHTHOKCHUIAHT IIMHX YaHAPBIT CYAAJICaH aHXHBI
HapuiiH cynanraa 6oscon. CynmanraaHsl yp IYHI XapbLUAHTyd ©HIOP aHTHOKCHUIAHT HIIBXTIU
OYTIITIXYYHYYA OJIOH OalicHaac TypBaJDKMH Oypaa, OdpILPLAT, MaHTUpP, TaHra IPIATCUNH
6aJ1Hyyz[ XaMTHUHH OHIOp AHTHOKCHUIAHT HI[BBXHTBﬁ HOJUIYYA aryyjnK, oHAep aHTHUOKCHUAAHT
UIPBX  Y3YYJCOH OaiiHa. buaHmii  cynanraaHel  @Xuwil  XaMTpaH —axuwlacaH — an0aH
Oaliryysuiaryyaaja 3eruiiH 6aaHbl yaHapaa caibkpyyaxaJ] YuridriAcoH O0JHO.



3. Opmna

3eruiin 0aJ yHIT OYyTI3rIXYYH

3eruitH 6an Hb 3PT 1I3p yeac Xsaramd, ['pek 0010H POMBIH 333HT TYpHUHN YIaMKIAIT SMHAJIATT
OPTOHOOp XAPATIATAPK UPCOH OalranuiiH rapanTtail Hyypc ycHaac OYpIcIH OYTISIAXYYH IOM
[1,2]. Aryynamxwuiin xyBba 20% ycHaac rajiHa eHAOp WIIBXTIH MUKPOMOJICKYJIYYH aryyiijar.
ban Hp yypar, ¢epmenT (MHBepTasza, TJIIOKO3-OKCH7a3a, Karaiasa, ¢ocdarasza), HYypC YC,
OpraHuk Xywwiyya (TJIFOKOHBI XYYHJI, IYYHbI XYYHJI) JIMIHJ, BUTAMHHAaC rajHa Xo&piard
METabOIUTYY] 000X MHUKPO MONEKYIyyd (PEeHONbIH Xywiyya, (JIaBOHOUAYYH), KapOTECHOUT
TecT 6oaucyya 00JI0H 3paAdCT boaucyyn aryynaar Oaiina [3].

3eruitH 0an Hb AHTUOKCUAAHT, OAKTEPUHH ACPAT, YPIBCIMMH 3Cpar, MmapX SArmX O0JI0H
YUXPUIH [IMKUHTAAH Y€l I[ycaH JaXb CaxapblH XAOMXKIIT TOTTBOPXKYYJIaxX 33p3r OpreH
XYPI3HUI HAIBX aryyiajar yHIT OyTasraxyyH oM [4]. BajaHbl OHIUIOr OHOJNOTHITH HIIBXUTIH
HATIUTYYAMMH aryyjaamM>k Hb ypramilblH Oypznii, razap 3yH Oaiipiin 60J0H GOJIOBCPYYIaNThIH
apraac xamaapaH XapuinaH agwiryil 0aiina [3]. OnoH yiIChIH 3aX 333J17] OHIEr OYpUilH YIICHIH
OJIOH KOMITAaHUYABIH 36THiH Oal, KWIMK Hb caiTap CyUarjax XyaajjaaHa HABTIPCOH Oaiiiar.
Yynwuii tox xwummd He [uH> 3emann yiacelH MaHyka 3eruifH Oanr OGereen caiTap cyiariax
OHIOp YHD I[PHD aryyJsicaH 3ax 3337111 IPIITTIH OyTIaraxyyH Ooscon Gaiiar [5].

AHTI/IOKCI/II[aHTYYIl 90J100T PAAHKAJBIH 3CPI3I' HIAIBX

YeneeT paaukamyyn 000X XY4WITOPOrd, a30ThIH MAIBXHUTIN XAIIO3PYYI MXICCOH Yyen O0JI0H
(bepMeHTHITH, (epMEHTHITH OYC aHTHOKCHIAHT XaMTaaJIIThIH TyTMAaruuiblH yea Oue opranu3m
XOpTOH HOJe6e TOJ WIIPIAT OaiiHa. YeneeT paaukalyyIsll caapMarikyyiax Yl sSBL Hb HapUH
TOBOI'TAH YR Oalar 6a OJI0OH XYYHMH 3YWINAC MANTraajgaar 4 Oue opraHu3MbIH XOp Taiiiax
rOJI MEXaHU3MYY/IbIH HAT oM [6]. McommnTuitH ramMTan Hb 3ypX Cyaac, M3APIJIMNAH rapairait
SMIAr OO0JIOH XaBAPBIH 3X YYCBIp Oomnmor. TYYHUISH XYHHH XOTMIPeNTHHT Typracixsdc rajgHa
OJIOH OBUHYYAMHH miantraan Oongor OaiiHa [7]. THiiM33C XYMYYC ©46p TYTMBIH XYHCIHI)
AHTUOKCHUJIAHT UIIBXTAM XYHC X3pAriak 6Me Max00/100 XOPT HATAITYYAIIC XaMraajgax X3parTiu
IOM.

HeanmpnTuiin cTpece rax HAp TOMBEO Hb AUIH TYBILIHWH]L 3CPAT TICPITUNH MTPOLIECC 00PUIIOIITO
OpK 46JIeeT paJMKal UX33p YYCOH OMEHiH XOpryHXKyyJlIdX MEXaHU3M XOpPTOM HATIIYYAUNHT
OYp2H caapMarKyyiDK 4agaxryi 00JCOH yex xaparidradH) [8]. Ueneer paaukaibiH WYY Hb
57 3CUMH MOJIEKYIyyATall XapuillaH YITWIILK yypar, MeMOpaH OOJIOH HYKJIEUH XYWIYYAUNUT
IAMTI3A3T. DAr33p YW SBLUBIH Yp AYHI WYY UX TOMTAJ sIBarjax, 4esieeT pagukanyyll YYCoH
maT JapaajicaH TIMTAII dBAPIAYY YYCAdT OaifHa. Xy4dHaTeperd, a30ThIH UIIBXUTIN XI03PYYI
Hb XOPTON HOJ6e Y3YYJIIAr 6a OMOJIOTHHH XOXHPOJ YUpyylJaar y4up XY4usl TOPerduitH 60J0oH
a30ThIH UCOIDITUIH cTpecc rdr Oaitna [9, 10, 11].

XyHuii Oue OpraHu3MbIH ©OpPUIH XaMTaalalThbIH CHCTEM 4eJ66T PAJAUKAJIBIT caapMariyynk
yagaxryid OOJICOH yea X00J XYHC OOJIOH OMo O31IMAIMHH aHTHOKCHAAHT HATUIYYI Tycajijaar
Oaifna. 3eruitH 6anx Hb QPYKTO3, INIIOKO3 HYYPC yCHAac rajHa xoé€paard MeTaboIuTyys] 000X
(beHoAT HArIRI, (IIaBOHOUA, KApOTEHOUT; aCKOPOMHBI XYUHI alb(a-ToKo(pepoI1 33par BUTAMUH;
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TIII0OKO3 OKCHJIa3a, Karana3a (epMEeHTYy/A aryyijar OJOH YWIASAT XYHCHHM OYTIATIXYYH IOM
[12]. Darasp Gara XaMKI3r39p aryysiargax HICUTYYA Hb 30THIAH OaJIbIH aHTHOKCUIAHT UAIBXHUIAT
Oypayyamer 0a SpIdMTAMKAH OJOH CydairaaHbl axuiyynan (peHodaT HArmi, (IaBOHOUAYYI

AQHTHOKCHIAHT IIMHK YaHapTai IIyyJ] XamaapaiTtai 00J0XbII OJIK TOrTOOCOH Oaitmar [3, 4, 12,
13].

MOHI0JIBIH 36rHiiH 0AJTHBI 32X 333J1

Cyynuiin xuimyyas1 MOHTOJIBIH 36TUIH @K aXyH XypAanTail ©CoH XerKmxk Oaiiraa 6a yHICHHMA
YIIIBIPHUIH OJIOH OYTI3MAXYYHYY 38X 333J1 IMIMHAP UXI3P HIBTIPY OaiiHa. ONOH KOMITaHUYT
JOTOOJBIH OOJIOH Tafaaj 3ax 393 OyTIIAXYYHYYIRD OOpIyyimK 3Xd3icdH. ['9coH xoauit d,
MOHTOIBIH 36TUiH OajbIl IMUHKIDX YXaaHbl VHAICTAH Cy/UIacaH axIyyl XOBOp OJI0X 0a
YHILABpIAruua OOJOH X3PATIIATYUA YHIH 36B M3DIJUIIZP CailH XaHrargaxryi Oaitna. Tuiimasc
YHIDCHHNA YHIABIPIATYIMIH ra3ap 3yWH Oalipianaac OypacdH OalHbl aHTHOKCUIAHT HIPBXUNWH
cyJanraar ryHIpdTrX Hb 3yH €CHBI X3par OmiIz3. DHAXYY CyJanraaHsl Yp AYH Hb MOHIOJIBIH 3aX
399511 Oopiyynarmaxk Oyil cailH OYTIATIXYYHYYIUHT TOJOPXOHIOX00C TagHa OWOo YHIIIITIN
OYT33rIXYYHUH YHAT YaHAPBIT CaiiKpyysaxaja OpIIMHO.

4. 30PUJIT'O, 30PUJIT

Tecenn oponiory ax axyiH HAMKYYIRA YIIIABIPIICOH OaHbI OUONIOTUIH UAIBXUT OOAUCYY,
AQHTUOKCUJIAHT YaHAPBIT TOITOOX CYAQJIraa XX 30PUITHIT XIPIrKYYIIXUMH TYI Japaax
30PMITYYABIT TaBBX aXHJacaH 00JHO. Y YH/I:

1. Cynanraansl 3arBapbIr rapraxx MOX-uiiH 3pIMuiiH 3eBiieseep 0aTiayynax

. ®enont Hormryyaniie HY X-uitH apraap Tog0pXoiiox

. Huitn6sp dpenont maramuiir (HOH) Togopxoiinox

. Huitn6sp dnaBonouayyneir (H®:) Togopxoitnox

. DPPH paaukansir caapMarkyyiax UI3BX apraap aHTHOKCUJIAHT UA3BXUNT TOJTOPXOMIOX
. Buramun A, E, C Torroox

. K, Ca, Fe, Zn 33par s3pa3cT 60IUCyyABIT TOAOPXOMIOX

e T e N © 2 - N GO R\

. KBepuerun, pyrus, ciupo3u ¢praBoHOUAYYIbIH TOOH TOJOPXOMIONT



5. MATEPHUAJL APTA 3YHI

l"azap 3yiiH nepBeH eep razpaac xypaacaH 4 eep ax axyiH HUUT 10 HIp TepJIUiiH 36TUIH OaTHBI
TKANT MIUHXKUITIH XaMmpyyicaH. [lepmakynstyp XXK-uiin 4 H3p TepnuiiH Oan, SmoH
yicaa OyTIArAXYYH?? 3KcnopToop rapragar Muxaun XXK-uitd 3 tepnuiin 6an, Mx Aypar Opxa
XXK-nitn 1 tepnuiin 6an 6010 MOX-uitH 3eruiiH 3pyyJ1 M3HA, 5M O3JIIMAJIMIH CyAanraaHbl
TeBeeC 1 OaiHbI 137K aBY CyAalraaH]i XaMpyyJicaH. MOHIOJIBIH 1Jar araapblH 3pc T3PC HOXLOI

Oaiiiyiaac xamaapan Ouj 8 capn MyIJIyyJIcaH J33K33 Oaryiaa caBraiiH -4°C XapaHXyl HOXIeJI

XaJraucas.
XyceHarT 1. MOHTOJBIH 36TUIH OalIbIH JI3K.
I'a3pbIH 3ypruiin
Jpaskanid Ak axyitH Baiipunwr KOOPAHHATYY/ Hyrayyiacan
ayraap HOK Opreper Yprpar ypramaiu
S1 MoHronsH 49° 40' 106° 44' I'ypsamkun Oynaa
S92 Xoua 0yc 16.80" 49,50 OJ10H 1LIC
IlepmakynbTyp HyTar, "
S3 XXK ComaHr? X©BOH OpOUT
alimar, Epee
sS4 cyM Bopipipr, MaHTHp
s5 MOHTOIBIH 50° 17 106° 47 Tanra AT
xoiin Oyc 54.18" 27.00" OMXHIl ML
S6 HyTar
Muxauu XXK ’
ComaHr?
S7 aiiMmar, OMXHI UM
AntanOynar
CyM
S8 47° 43 107° 47" Panc
5.39" 26.99" XeBoH OpouT ,
Vix Aypar Opx Tes 6yc XyHYHP,
XXK HyTar, Tes XOIIOOHTOP,
so aiimMar, IIAMTAII39,
OpasHd cym 00pOI3roHo, X0pc
(map), cex,
MaHIHp, 03p LPLAT,
33T COI'COOIDK
3eruitH spyyn Tes Oyc 47° 55' 106° 55'
M3HJI, M HyTar, 16.4280" 6.8016"
S10 OB IMAITHIH HHAKCIIDI OnoH mPLATC
CyJlalraaHbl VYnaanGaarap
ToB, MOX XOT




Apra 3yii
Humrn yeniin xpomatorpadpu (HYX)

HY X-niir xmopodopm MeranonsiH 9:1 xapbiaarait cucreMddp ryinracan 6a 60 F254, Germany
3arBapbIH CHJIMKA TeJIb X3PATIIACIH. Yp AYHT 365 HM moinruoHsl yprag 6osoH 5% HoSO4 manax
HIMHXHUICHH OOJHO.

Hniin63p denoar marma (HOH)

H®H-uiir Socha wnapein 2009 onbsr Folin-Ciocalteu-uiin cnextpodoromeTpuiin apraja Oara
33PTUiiH 6pWIeT OpYYJIaH HMIMHXHIDK TOrTooCoH [14]. 3eruiin Oanubl 1335%k33 7.5% NaxCOs-
T XOJBXK 2 MUHYTBIH TypIluuja xojbcHbl qapaaraap 10% Folin-Ciocalteau ypBamkaa HAIMCOH.
Yycmanaa 50°C xama 5 MUHYTBIH Typml ycaH OaHHaj OainracHbl jgapaaraap 765 HM-HWAH
TIPJIMAH YPTa X3MKHIT XUHCIH.

Crangapt 6oauc Oonrox [amnmplH Xy4yws amwuriaH cTaHAapT Mypyd Oaiiryymxk HOH-uiir
KUK TOOILICOH Oaifraa. DHAXYYy apra Hb (ocdop-BonbppamaTdhochoMonrOIaThIH HITIIUNAT
(eHONT HATANYY Hb IPHXA3P OHTHHH HATIRI OONTOH 3ajaijar IIMHXK 4YaHap 33D CyypUicaH
apra 3yid oM. HOH-miir raiiaplH XY4MIATIH TOHIDPXYHI MI/T OOJIOH CTaHAApT XaszauiaTaap
WIBPXUUIATIACHH Oaiiraa.

Huiin63p paaBononx (HDxa)

H®n-pin Huitt xoMk9r Zhishen napeia 1999 onbr AlCls-piH apraap tomopxoitncon [15].
Crangapt 6011CO0Op pYTUHBIT alIUriaacad 0a ®UMmuUX Mypyi Oaiiryyncan yuup H®On-bH XaMxk33
PYTHHTai TOHIPXYHI MI/T KoHueHTpanaap wipxuimaracsH. AlCIz*6H20 6omon 120 mxmois
CH3COONa-uiir Gamabpl A9KTIH X0imbk 30 MUHYTBIH TYPIIUJ OPOOHUH XdIMJI XapaHXyH
HOXLeJJ| caiiTap XOJaurd Oarakaap XOJbCOH. Yp AYHT 415HM-MIH TIpIMHH ypTaja XOMXKHIXK
TOZOPXOUIICOH.

DPPH paaukaJsir caapMarkyyJjax HI3BX

3eruitn OansiH DPPH pagukansir caapmarkyynax ugssxuir Huang napein 2005 oHbl aprajn
0ara 33pruiiH eepusieNT OpyyJiaH IYHLITIICOH 0erees 3epar CTaHAapT XapbllyylaiaTaap pyTUH
OOMCHIT aBCaH. 3OTUWH OaNbIH JIKUUT OJIOH XOMXKIITINTIp aBu DPPH Gommcronr 30
MUHYTBIH TYpII XapaHXyW OpUYMHJ calTap XOJbCHBI Japaaraap S517HM-WIIH TIpIuNH ypTaj
XOMXKIK Y3C3H. J[935k Oyp A29p rypaB JaxuX TYpPIIMATYYJ TYMLSTIACOH Oa HMI siraaH ©HIe
mrapran 0oJIoX eHMeHMH XyBUpad J93p TYATyypiiacaH apra 0ereej yp JAYHI caapMarxyylnax
xyBuap Oonox rapracan. DPPH weneer pamukansir 50% napaHryiiax KOHIEHTpaLUHT
craTicTUK OonoBcpyynantein GraphPad Prism 7 nmporpammaap 00105 OJICOH.



OHep MIIPIMIKUT LIMHIIHMIT XpomaTorpaduiin apraap suramun C Togopxoiiiox

Butamun C Hb eHaep aHTHOKCHUIAHT WRBXTA O0a OMIIX apraap eHmep HapuiiBwianTail
TOJOPXOisIcOH. 3eruiiH 6anbiH C BUTAMHHBI XOMXKI3T MOAPIraXIIMAH XSHAITHIH Ta3pblH Xapbsa
XYHCHUH al0yiTyd OaiiJIbIH YHIDCHUH JIaBjiaraa JadopaTopu i XUHK TYHIDTIICIH.

Konopumerpuiin apraap Butamul A, E Togopxoiisox

Butamun A, E-uiiH IIMHXUIST XUMX33 36TUWH OanbiH A33Kuir 1:1 Xapbliaaraap 3TaHOJITOM
XOJIBXK Jlapaa Hb 64% a30ThIH XYUWII P3P XHIDK XanyyH OaHHj Oaiinracan. TyyHuil mapaaraap
3KUUr 22°C XYpTaJl XeprecHUi fapaaraap IIpaJryid OpUMHI 5 MII XYPT3JI STUIMHH CIUPTIAP
ayyprak 470 HM-uHH ypTaa TOPJIMAH IIMHTIIITHHAT XOMKUH TOJIOPXOMIICOH. Butamma A-T
TOJOPXOMIIOX0A CTaHAApT OOJroX pEeTHUHWI MaJIMHUTAT XJPATIACOH O0on BuTamMuH E-rT
TOoAOpXOiIoxoa anb(da Toko(heposa aneTaT allWuIiiaH KULIIMX Mypyd OailryynaH TOIOPXOMICOH
0a yp IYH MKI/T X3MK33T33D XOIMKHTIIH).

K, Ca, Fe, Zn 3pa3¢ Togopxoiijiox

Opasc 60aUCyyAbIT OYpIH OUITHIH PEHTIeH (PIIOYPECICHIIMIH CTIEKTPOMETpHiiH apraap Llemuiin
cynanraaHsl TeBJ Toaopxoinyyincad. 100 Mk 3eruiiH OanbiH I133KUUAT 890 MKIJI HIPCOH yCaH[
yycraxk 10MKJI TaJUTBIH yyCMaJT HOMXK XOMXKHJIT XUUCIH 02 Yp AYH MT/II XOMXKIIIIP TapcaH.

OMIIIX apraap KBepuUeTHH, PYTHH, CHUPO3UA (PEHOIT HITJIYYAHMHT TOAOPXOHIOX

OHI6p aHTUOKCUIAHT UJIPBXTAOU KBEPLETHH, PYTUH, CIUPO3U] PeHONT HAruyyauir Inmxmax
yXaaH TEeXHOJIOTMMH UX CypryyJluiH XYHCHMH MH)KEHEep OMOTEXHOJIOTUHH cypryyiasa OMILIX-
WIH apraap TOAOPXOUIyyJICaH.
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6. YP IYH BA IIYYH XDJIJIDXYH

3eruiiH OaqHbl XUMUWH HOTUIMAH aryyigam)X Hb OJIOH 3YHIIC IIajTraajiax 0ereeja Toji
3YWITYYIMHAH HOT Hb ypramiibiH Oypaou oM. HY X xpomarorpaduita 365 HM-UiTH T3piauiiH ypThIH
AyHr33p 2-3 tepnuiin ¢uaBoHouayya widpcdH (3ypar 1). Byx cymanraansl a33kuHA HEHOIT
HATUTYYA widpceoH 6a HOH-uitH xamruiin enzpep y3yymnaryya S1 2.79mr/r, S5 1.98 wmr/r
TIKYYADT JOOPXH XAMXKIITIU rapcan Oaiina. H®n-uith xyBpn S1, S5 mraxyyma 0.18 mr/r
6oson 0.16 Mr/r xamx331mo1 rapcan (XycHort 2). I'ypBamkud Oygaansl 6an 60710X S1 1995KHBI
HUWIO09p (EHONT HATIRI WX TapcaHaac ragHa PYTHHTIH OyTa1 oWpoioo (hIaBOHOUI UXIIP
aryynarjax Oailiraa Hb TypBaDKMH OylaaHbl HaBY YHACOHA PYTHUH UX XIMXKIIIIP
aryynariamartaii xonoootoit [17]. Jlpnxuiin anmapraii [uns 3enmanasin MaHyka 3eruiiH Oai
H®H 0.89 mr/r aryynnar 6aitna. HOn HaranuitH XyBbJl KaTeXUH, KBEPIETHH, PYTUH 33P3T OJIOH
TOPIIMIAH HATIUIT CTaHAapT 00AKC OONTOXK AIIUTIAAATr YIUP XapUIYYIanT XUHXd XYHIPIITIH

Oaiinar.

Antuokcuaant wmBxur DPPH paaukansir caapmarmkyyninax WIdBXUMH apraap TOJAOPXOUIICOH
0a OalranuifH rapanTail AP3KYYId AaHTHOKCHIAHT Y3I3T HUHTIJ IPPIIPCIH apra oM. bua
Typurmiitasfaa 3eruitH 6amasl 12xuir 50, 100, 150, 200, 250 mMr/Mi-33p HalpyyIxK TypIIUiaTaa
TaBbCaH. ByX TypIIMITBIH [P3KHYYZ KOHLEHTpPALMIH Xamaapaarail aHTHOKCHJAHT HIDIBX
Y3YYJ/ICOH 0a XaMTHifH OHIep HIPBXUUT AUHIDHX JPKYYA 250 MI/MI KOHIEHTPAUA Y3YYJICOH.
OMUIH ypramai 000X TaHTa IPITHHH Oaraap XUUTACIH S5 13k 66.68%-1iiH y3yYIdaTTIiHraap
XaMIUHH eHIep UAPBX Y3YYJICOH 601 S1 600X rypBakMH OydaaHbl 133K 66.28%-uitH MOKNI
TYBIIHUHM 6HIIOp Y3YYIAT Y3YYJICH OaiiHa (XycHArT 2). IC50 y3yyslaiT Hb 4eseeT pajuKasbil
(xkuum3 Hb DPPH) 50% Oyypyynax XaMska3T WIdpXUMIIAT 6a 6ara AyHTHIH Oalix TycMmaa Uyy
OHJIOpP AaHTHUOKCUIAHT UIPBXTIN Oaitmar. S4, S5 myaskuyya 31.53, 32.18 Mr/mi XaMKIITIUTIIP
XaMIUHH ©eHAep Y3YYJIAT Y3YyiacsH OaifHa (XycHart 2). I'pex ynceiH TeccamuruitH ux
cypryynuiiH I'pek spaaMTaniin ayHr3p Onaumi yynbiH 3eruiia 6annyya IC50 10 mr/mi-3ac¢ 110
MI/MJ XYPTAJ1 aHTHOKCHUAAHT WIIBX Y3YYJICOH Oaitmar Oos caifiH cynmnarjcan MaHyka OaniblH
xyBba IC50 Hb 68 mr/mi Gaiigar Oaiina [19]. OJ0H yJICHIH XaMTHITH IIAJIIAT Oy TISTAXYYHYYATIH
MOHTOBIH 36TUHH OaHYyJBIT XapbllyyllaxaJ XapblaHryid eHIep aHTHOKCHIAHT HJIIBXTHH

OaiiHa.
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Buramun A, E, C Hb eHA6p aHTHOKCHIAHT HIIBXH Y3Yyinudr 6a Bur C Oamang Oararyit
XOMIKIIrI9p aryyaaragar 6o But [23] A, E-uiin aryynaMkuiia cypanraa 6ara XHMracoH Oaiaar.
Toconn yycaar BUT A GOJIOH TYYHUU CyypHUYA Hb IOJHMEH XA3CTYYII3C OYPACOH yCaH I yycaarryi
X0J1000Cc00p XO0JI0orAIor 0a NaH XYYMITOPOrdHiH MOJCKYIUUT caapMarKyyK MEpPOKCUIIBIH
PaIMKATYyIbIT TOTTBOPKYYJIar YIUP aHTHOKCHIAHT UIIBXTIH Oaitnar. But A, E b O X9BUIH

XOMIKIIHIIC UXICCOH Yea ucanauar Oaiina [20].

Omnon ma1prenitn 3eruitn 6an S10 m2xHM BUT A-UiH aryyinamX XaMruiH eHuep 2.07 MKr/r

Oatican Oon S2-uiiH aryyiamx 0.92 Mxr/t 6arican (XycHarT 2).

Toconn yycaar BUT E Hb OJIOH TOpIMIH 3CUIH CUTHAJBII AaMXKyyJaxaJ OpOJIIJIOr XaHaaryu
MOJM TOCHBI XYWIMHH YPT THHKHHUT XaMmraaaaar ywuia y3yymnmr [21]. Xaumruitn enaep
aryyJIaMXHiH Y3YYJIDITHIT TYpBaDKUH Oynaanbl S1 maak 1.27MKI/T XaMKIITIUTIIP Y3YYIICOH

Oaiina (XycHort 2).

Ycann yycnar BUT C Hb 3JIEKTPOHBI JIOHOp 06reej caapMarkyyinax areHT oM. ACKOpOHMHEI
XY4YWI Hb 6 HYYpCTOperdTsii MojeKyjblHXaa 2 00JIoH 3 jgyraap HYYpCTOPOIrdUMHHXee IyH]IbIH
X0C X0JIOOOCHOOCOO0 2 3JIEKTPOH HHUITyynadr OaiiHa [22]. But C-uitH XaMruifH eHaep y3YY/IuIT
raira mIraie S5 mykuaa 6.41 MKr/T widpceaH GaitHa (XycHort 2). 3eruiin 6ansid BUT C-HidH
aryyJlaMKMiiH cyjaajiraa caltap XUWTACOH Oaiimar Oa razap 3yilH Oaiprimiaac XxamaapaH
XapblIaHTyH IYH rapcaH Oaijar. OBKaJUNTBIH 36TMMH OamHbl 133kuH] OMUIX-uiin apraap
HIMHXKWIT? XUHCAH ayHr»p 2.0-5.8 Mkr/r aryynamkrail Oaiican 6on murtpyc, acdonedn,
T'Y393JI3T9HUNA MOJIHBI OanHbl Haipnaran 3,4, 4.4 MKI/T X3MKI3T3H XapblaHryit enjgep But C-

WitH aryynamk OypTraracaH Oaiina [23].

I'anra eBcHuii BuT C-uiH aryynamk Oycan OaimHaac WYY ©HAep rapcaH Hb Marajaryil raHra
©BCHUHM OaifranuiiH HAMIMIH  aryynampkaap Oasjar SMHMH  ypraman 0ereejl  Xooil
00JIOBCPYYNIANTHIT A3MKUX, CIIa3MbIH 3CP3T, aHTUOAKTEPH, YPIBCIUNH ACPAT, aHTUCENTHK, I[3P
XOBXJIOX YHJIUHJITIITIUTIAC TagHa XaHUAIHBI SMUUIITIOHI XIPITIATIAT OaifHa. ["aHra eBcHiir
yIAAMKIaNT 3MHITYYA3 X000 I3ACHUH OOJIOH T'yypcaH XOOJIOMH 3MIIIHIH yel epreHeep
X3pArmARr 0a TaHTbiH d(GUPHUAH TOC Hb XYHC XaJralaiThIH Yea XdIPAIJIdXidC ragHa JapxJiaa

JOMIKUX YHIIDNTIN Oaitnar [24].
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3eruiiH OayblH APIACUHH XAIMKID ypramuiiblH TOpJIeec IIyyja xamaapaitai Oanmar 0a OwmaHMIA

cynanraanaac xapaxaza K 6566 mr/in, Ca 5688 Mr/n y3yyaaarTaurasp ranra myuruidia S5 6anann,

Fe 2264 mr/n xaMxa3131 parceia S8 3eruiin Oamana, Zn 748 mr/in aryynamKTail OJIOH LPITUNAH

S2 GamaH[ TyC TyC XaMrUiiH OHep Xapuy Y3YYJICOH OaifHa.

Ksepuetun, pyrus, ciupo3us ¢geHont HArmryyauir OMILX-uitn apraap COHrOH aBCcaH 36T'HiTH

OaJTHBI APKYYIR Toopxoitoxon muHIp 2019 onx Xypaacan 6anHyyan eHaep aryyjaaMKTan

rapcad Oaiina. TypmmnTann 2018 onsl Muxaun XXK-uitn S5, S6, S7; Ilepmakynsryp XXK-uitn

S3; Ux aypar opa XXK-uitn S9; MDOX S10 makyymsc ragna H IMIITIp S2, S3, S4

mxkuyyauiH 2019 onn Gomoscpyyincan  NS2, NS3, NSO 3erwmitn 6amnyya GO0JOH IIMHA3D

JIum6sT asanryy XXK-uitn 2018 onnp OonoBcpyyicaH Oaibil OYTIH JKHIMHH Xyraraasn

xaarayicanbl qapaa 2019 onp onroiiron OMIIX apraap muHKuIr? xuiicoH (XycHarr 3).

XYcHAIT 2. MOHTOJIBIH 30THIH OATBIH Y3YYIITYYI.

DPPH
Bur Bur Bur
J33xHuMii H®H, H®ua, DPPH, 1C50%0, A E c K, Ca, Fe, Zn,
ayraap Mmr/r Mmr/r MI/MJI MI/MJI ’ 7 ’ Mr/a | mr/a | mr/a Mr/a
MKI/T | MKI/T | MKI/T

s1 2.79+0.11 | 0.18+0.07 | 66.28+3.6 | 44.95 0.65 1.27 0.28 | 1938 | 3776 | 601 459
S2 0.70+0.13 | 0.12+0.32 | 55.74+7.1 | 107.8 0.65 0.33 474 | 414 | 1894 | 709 748
s3 0.82+0.09 | 0.03+0.14 | 39.41+1.8 | 81.98 0 0.27 0 924 | 2216 | 723 588
S4 2.37£0.17 | 0.09+0.03 | 53.54+19 | 31.53 0.78 0.94 | 0.37 | 1505 | 3027 | 415 622
S5 1.98+0.03 | 0.16+0.08 | 66.68+2.4 | 32.18 0.92 0.21 6.41 | 6566 | 5688 | 710 613
S6 1.43+0.08 | 0.04+0 | 49.21+59 | 72.55 0.78 0.48 0.56 | 4251 | 4074 | 578 652
s7 1.0+£0.25 0 51.62+5.2 | 41.96 0 0.67 3.74 - 2283 | 1011 422
S8 0.60+0.05 0 47.3£7.1 152.5 0.72 0.46 1.81 - - 2294 309
S9 0.74+0.03 0 38.5+£2.7 64.5 0.72 0.42 2.09 - 1781 | 1109 497
310 1.11+0.11 | 0.01+0 62.3+2.9 46.94 2.07 0.46 1.13 | 4275 | 4322 | 759 609
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Xyenort 3. ®naBonouasin OMIIIX-eep cynancan ayH.

llcly s KBepuerun, Pyrumn, Cnupo3suf,
Mr% Mr% Mr%
S5 0.029 - 1.32
S6 - - -
S7 - - -
S3 0.074 - 1.32
S9 - 3.36 -
S10 - 5.58 -
NS2 - 9.63 -
NS3 1.196 - -
NS9 - 8.54 -
NS11 0.297 19.14 -
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JYTHDJIT

1. Cynmanraanj xamparjica 36TuiH OaJTHYYIbIH aHTUOKCUIAHT HIIPBXU XapWIIAH auiryi
Oaifraa Hb razap HyTTbIH YpraMJjblH 3y OyplIdac XxamaapaiTaid.

2. ['ypBamkuH Oynaa, raHra IPIPTCHIAH 30TUH 0ain Manyka 00J10H I'pekuiiH caifH YaHapbiH
OanTail XapbllyynaxaJ XapblaHTyll ©HIep AHTUOKCUIAHT HJPBXTAW, aHTUOKCUIAHT HIIBXTIU
HATUTYY/I UX33p aryyjicaH OaifHa.

3. Cynmanraanj xaMmparjcaH 3eTWiH OanaHj aryynargax KBEpLETHUH, PYTHH, CIHUPO3UT
(IaBOHOUABIH OHIep aryyjaMk Hb OalraluiH 33pJdr ypramanbiH OanaHa aHTUOKCHUIAHT
UIRBXU oHAOp 0alix 0a aHTHOKCHIAHT WIBXU Hb XaATANANTBIH TOPUMOOC IIYY]l XamaapaiTaid

00JIOXBIT XapyyJDK OaifHa.
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1. ABBREVIATION

ADB Asian development bank

DPPH 2,2-diphenyl -1-picrylhydrazyl

HPLC High performance liquid chromatography
IC50 The half maximal inhibitory concentration
IVM Institute of veterinary medicine

MeOH Methanol

MULS Mongolian university of life sciences

TFC Total flavonoid content

TLC Thin layer chromatography

TPC Total phenolic content

Vit Vitamin




2. PROJECT RESULT SUMMARY
Some contents and antioxidant effects of Mongolian honey products

This precious functional food is known for its antioxidant effect and the phenolic compounds are
the main factor for its antioxidant activity. Therefore, thin layer chromatography (TLC), phenolic
content (TPC), total flavonoid content (TFC), vitamins A, E, C which is known for its antioxidant
properties and some minerals were examined in a total of 10 honey products from four Mongolian

organizations.

Honey products collected from plants like buckwheat, scabiosa species, thymus species, and allium
senescens presented outstanding results. The highest results in TPC, TFC and vitamin E were
detected in honey collected from buckwheat with 2.79 GAE mg/g, 0.18 RE mg/g, and 1.27 ug/g.
The honey product derived from thymus species showed significant high data in vitamin C with
6.41 pg/g and the second-highest result in vitamin A with 0.92 pg/g. In TPC, TFC the thymus
honey also displayed moderate-high data with 1.98 GAE mg/g, 0.16 RE mg/g and DPPH IC50%
was 32.18 mg/ml.

The highest DPPH IC50% record with 31.53 mg/ml and vitamin E content with 0.94 ug/g showed
the honey produced using scabiosa species and allium senescens. The amount of K, Ca in honey
product collected from Thymus spp. showed the highest data with 6566 mg/l and 5688 mg/I,
respectively. The highest amount of Fe was detected in canola honey with 2294 mg/l, and Zn 748
mg/l was highest in the multi-floral honey product.

This is the first specialized research on the antioxidant properties of Mongolian honey products
derived from the natural pastureland and cultivated pastureland of Mongolia. Our study results
will benefit the cooperated companies to improve the quality of their products. The results indicate
that some products have moderate-high antioxidant potentials. Among ten honey products, the
buckwheat, thymus, scabiosa, and allium senescens honey products presented the highest
antioxidant activities and have the highest amount of antioxidant compounds. Moreover, the
highest data of TPC, TFC and high content of vitamin A, E, C were displayed by these honey

products.



3. INTRODUCTION

Honey is a precious product

Honey is a natural carbohydrate product produced by honeybees and has been used in traditional
medicines of China, Greece, and the Roman Empire [1,2]. It contains approximately 20% water
and important micro constituents. Honey is rich with proteins, enzymes (invertase, glucose-
oxidase, catalase, and phosphatases), amino acids, organic acids (gluconic acid, acetic acid), lipids,
vitamins (ascorbic acid, niacin, pyridoxine), secondary metabolite micro molecules (phenolic

acids, flavonoids), carotenoid-like substances and minerals [3].

This precious product is known for its wide specter of activities including antioxidant, antibacterial,
anti-inflammatory, wound healing and antidiabetic effects [4]. The compound concentrations and
unique contents of honey can be different based on its plant groups, geographical locations, and
product processing [3]. On the international level bee products such as honey and propolis from
different regions and companies are studied well and can be purchased around the world. One
salient example is New Zeland’s Manuka honey, the products have been researched well and have

a high value on the global market [5].

Antioxidants VS Free radicals

When there is excessive production of free radicals ROS/RNS and a deficiency of enzymatic or
non-enzymatic antioxidant defense, the harmful effects can be seen clearly. The detoxification of
ROS/RNS is a complex and complicated process and it depends on different factors, but still, it's
important and one of the main processes of detoxification of the organism body [6]. Oxidative
damage has been the cause of many diseases, predominantly cardiovascular diseases, neuronal
degeneration, and cancer. Oxidative stress also has a negative effect on the human body’s aging
process and is one of the causes of many diseases [7]. Therefore, it is crucial to use antioxidant

functional foods in daily life to protect our bodies against harmful oxidative stresses.

Oxidative stress term used when any alteration in homeostasis followed by an increased release of
free radicals, beyond the detoxifying capability of the local tissues [8]. The excessive free radicals
interact with different molecules in tissue and cells causing oxidative damage to proteins,

membranes, and nucleic acids. During this procedure, more free radicals are produced and the



chain of damage and destruction continues. The free reactive oxidative species (ROS) and reactive
nitrogen species (RNS) radicals lead to harmful effects and potential biological damage. Thus,
these effects are termed as oxidative stress and nitrosative stress [9, 10, 11].

When human beings' own defensive barrier can not handle free radicals, in help comes antioxidant
compounds from food and bio preparations. Honey is a functional food mainly consisted of
fructose and glucose, but also rich with secondary metabolites like phenolics, flavonoids,
carotenoids; vitamins ascorbic acid, alpha-tocopherol and enzymes like glucose oxidase, catalase
[12]. These minor compounds are normally the main effective factors of the antioxidant activity
of honey bee. Numerous researches prove that there are correlations and causations between

phenolics, flavonoids and antioxidant activities [3,4,12,13].
Mongolian honey market

For the last decades, the Mongolian bee industry is growing fast. The rise of honey bee products
made in Mongolia is significantly increased over the years. Many companies are stepping into the
bee production field and promoting their goods in both domestic and international markets.
However, scientific background data of Mongolian honey is poor, both producers and consumers
are not informed with the systematical right information. Therefore, the main goal of the research
is to examine the antioxidant activities of Mongolian honey products from several companies,
derived from different regions. The research results would identify the best products sold in the

Mongolian market and will help increase their commercial value as bio-active food.
4. OBJECTIVES

In order to determine biologically active substances and antioxidant activities of the honey

produced by participating organizations, the following objectives were set down. These include:

1. To develop the research design and get approval from IVM academic council
2. Thin layer chromatography (TLC) for phenolics identification

3. Total phenolic content (TPC)

4. Total flavonoid content (TFC)

5. Antioxidant effect by DPPH radical scavenging activity assay (DPPH)

6. Detection of vitamin A, E, C

7. Determination of Minerals (K, Ca, Fe, Zn)

8. Quantity analysis of phenolics quercetin, rutin, spiraeoside in some samples



5. MATERIALS AND METHODS

Materials

Totally 10 samples were acquired from 3 commercial companies and one research center located

in 4 different locations with different plant origins. Permaculture LLC provided 4 different

products; Mihachi LLC, which exports its products to Japan, supplied 3 honey samples; and Ikh

Aurag Ord LLC provided 2 types of honey and the Research center for honeybee health and

pharmaceuticals at IVM gave 1 sample for the experiments. Mongolian weather is harsh, therefore

all samples were gathered during summertime in August and were stored at -4°C in lightless

conditions packaged in their original product bottles.

TABLE 1. MONGOLIAN HONEY SAMPLES.

Sample L . Map coordinates .
no. Organization Location latitude longitude Plant origin
s1 49° 40' 106° 44' Buckwheat
16.80" 49.50" _
S2 The northern_part of Multiple florae
Permaculture LLC Mongolia, :
Selenge province, Chamaenerion
S3 Eruu sum angustifolium
Scabiosa spp., Allium
S4 senescens L
S5 50° 17 106° 47 Thymus spp
The northern part of 54.18" 27.00"
Mongolia, Dracocephalum foetidum
S6 Mihachi LLC Bunge
Selenge province,
Altanbulag sum Dracocephalum foetidum
S7 Bunge
S8 47° 43' 107° 47 Brassica napus (canola)
5.39" 26.99" i _ _
Multiple flora including
Scabiosa spp.,
Central part of Astragalus spp.,
Ikh Aurag Ord LLC Mongolia, Geranium spp.,
Trigolium spp.,
s9 Tuv province, Chamaenerion
Erdene sum angustifolium,
Sanguisorba officinalis,
Allium senescens,
Delphinium
grandiflorum
Research center for | 1he central part of 47° 55'" 106° 55
s10 honeybee health and Mo_ngoll_a, 16.4280 6.8016 Multiple florae
pharmaceuticals, Capital city
IVM Ulaanbaatar




Methods

Thin layer chromatography
TLC was performed using system Chroloform MeOH with ration 9:1, respectively. The samples
were prepared and run on silica gel (60 F254, Germany). Later, the gel was analyzed with 365nm

light and with 5%H>SO4 sprayed on the gel.

Total phenolics content (TPC)

The TPC was determined by the spectrophotometric Folin-Ciocalteu method described in Socha
et. al. 2009 with slight modification [14]. Honey samples extracts were mixed with 7.5% Na;CO3
and incubated for 2 minutes before adding 10% Folin-Ciocalteau reagent. All mixtures were
incubated in dark condition for 5 minutes at 50°C in a water bath and light absorbance was
measured at 765 nm. Gallic acid was used as a standard. The total phenolic content described the
reduction of the phosphor-wolframatephosphomolybdate complex by phenolics to a blue reduction
product. The final data were calculated by comparison between a standard curve from gallic acid.
The phenolic content was reported as milligrams of gallic acid equivalents per gram (GAE mg/g)

with meanxSD.

Total flavonoids content (TFC)

The TFC in honey samples was measured by the AICIz method described in Zhishen et. al. 1999
with slight modification [15]. Rutin was used as a standard, so flavonoid content was calculated,
using the calibration curves of rutin and results were expressed as mg of rutin equivalent per gram
with mean+SD. Honey samples were mixed with AlCI3*6H20 and 120pumol CH3COONa. The
honey extracts were mixed with CHs3COONa and incubated for 30 minutes at room temperature in
lightless conditions at the shaker. The absorbance was detected at 415nm. Rutin was used as a
standard and TFC was calculated using the calibration curve of rutin and results were expressed

as mg/g of rutin equivalent (RE mg/g).



DPPH radical scavenging activity

The effect of honey samples on DPPH radical scavenging was determined as described by Huang
et al., 2005 with slight modification [16] and rutin were used as a positive standard. Honey samples
were prepared in different concentrations and mixed with DPPH reagent and shook for 30 min at
room temperature in dark condition. The absorbance was measured at 517 nm. The results were
calculated as a percentage of DPPH discoloration using the equation described in the assay. The
experiments were done in triplicate and results were expressed as mean values = SD. The IC50

value was analyzed by statistics software GraphPad prism 7.
Determination of vit C content by HPLC

Vit C was selected to be measured due to its high antioxidant effect. The total content of this
vitamin was determined by high-performance liquid chromatography (HPLC). The HPLC test was
performed at the State professional inspection agency, Mongolia. The content analysis was tested

by methods described in Mongolian standards.
Determination of vit A, E by colorimetric assay

The honey samples were mixed with 1:1 ratio water and EtOH were added. Later, the mixture was
added to 64% nitric acid and incubated in a hot water bath. After cooling down to 22°C, the mixture
was incubated in lightless condition for 15 minutes. EtOH was added up to 5 ml and the solution
was measured at 470nm for light absorption.

For the determination of vit A, retinyl palmitate was used as standard and for vit E alpha-
tocopherol acetate. The standard curve was created and the total amount of vit A, E was measured

in no/g.

Determination of mineral K, Ca, Fe, Zn
The mineral elements were analyzed by Total reflection x-ray fluorescence spectrometry at the
Center of Nuclear Research. The total amount of 100 pl honey sample was dissolved to 890 pl dw.

Later, 10 ul gallium solution. The result was calculated and presented with mg/l as concentration.
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Determination of phenolics quercetin, rutin, spiraeoside

The phenolics with high antioxidant properties quercetin, rutin, and spiraeoside were detected
using HPLC at the School of Food Engineering and Biotechnology, The Mongolian University of

Science and Technology.
6. RESULTS AND DISCUSSION

The content of honey depends on multiple factors and one of the main factors is the plant origins.
All of the studied honey samples were collected from different parts of Mongolian with diverse
plant distribution. The TLC illustrated 2-3 different types of phenolic compounds, which colored
by green and blue at 365nm light (Figure 1). Products from all organizations contained phenolics
compounds and the highest data in TPC were detected in S1 2.79 GAE mg/g and S5 1.98 GAE
mg/g. In TFC the same samples showed the best data of 0.18 RE mg/g and 0.16 RE mg/g in S1
and S5, respectively (Table 2). The high amount of TPC and RE flavonoids in S1 is possibly due
to the high content of rutin in buckwheat. Flowers of buckwheat contains the highest amount of
rutin compared with leaves and stem [17]. The honey product S1 has been collected at buckwheat
cropland. The most commercially popular honey product is Manuka honey from New Zealand,
which has a TPC of 0.89 GAE mg/g [18]. In TFC determination assay the concentrations calculated
using different types of flavonoids such as catechin, quercetin or rutin calibration curves, therefore

results may have a high scale and cannot be compared with other honey results.

The antioxidant effect measured by DPPH radical scavenging activity assay. DPPH is an oxidative
compound that is commonly used for the study of natural subjects’ antioxidant effect. DPPH
radical scavenging activity of honey products was tested at 50, 100, 150, 200, and 250 mg/ml
concentrations. All samples displayed an increasing antioxidant effect with concentration increase.
Most samples showed the highest results at the 250 mg/ml concentration. Honey product S5 honey
made of nectars and pollen’s from herbaceous plants Thymus spp. showed the highest result with
66.68% and S1 honey collected from buckwheat showed the same high result with 66.28% of
scavenging activity (Table 2). The IC50% indicates the concentration that reduces 50% of
oxidative free radicals, which in our case is DPPH. The lower the ICso value, the higher the
antioxidant activity. The data showed the best samples were S4 and S5 with 31.53 mg/ml and

32.18 mg/ml, respectively (Table 2). In the research lead by Greece scientists Dimitris Mossialos
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at the University of Thessaly, Greece the data of Greece honey products collected from Mount
Olympus showed an ICso range of 10 mg/ml up to 110 mg/ml. The well studied New Zeland
Manuka honey showed 68 mg/ml of 1C50 value [19]. Comparison Mongolian honey products with
the best overseas honey presents that our products have moderate high antioxidant effects.

In vitamin content test vitamins A, E, C was selected due to high antioxidant effects. Honey
products contain a moderate amount of vitamin C, however, vitamin A and E research is not
common research object on honey products. The main antioxidative effect of fat-soluble vitamin
A and it’s derivatives are connected by a hydrophobic chain of polyene parts that neutralize singlet
oxygen and stabilize peroxyl radicals. The structures of vitamin A and carotenoids can autoxidize
when O tension is increased [20]. The highest content of vitamin A was detected at multi-floral
honey sample S10 from the capital city of Mongolia 2.07 pg/g and the second-highest was detected
at S2 0.92 pg/g (Table 2).

The fat-soluble vitamin E has a specific function to protect long-chain polyunsaturated fatty acids
and preserve them for signaling events in various cells [21]. The best result of 1.27ug/g was
presented by S1 honey, which produced by using buckwheat (Table 2). Vitamin C is a water-
soluble antioxidant compound due to its electron donor and reducing agent. Ascorbic acid donates
two electrons from a double bond between the second and third carbons of the 6- carbon molecule
[22]. The vitamin C content was highest in S5 with 6.41 pg/g (Table 2). The study of vitamin C
content is widely researched and data are possibly related to floral variance and geographical
positions. The examination of vitamin C with HPLC presented that eucalyptus honey showed the
highest amount from 2.0-5.8 pg/g. Some honey products collected from citrus, asphodel, and
strawberry-tree also showed a moderate-high concentration of vitamin C with 3, 4, 4.4 pg/g,

respectively [23].

Comparing with other researches the amount of vitamin C in S5 was high and the reason may be
in plant medicinal plant thymus, which is known for its rich natural constituents and multiple
benefits. The thymus spp. has digestive, antispasmodic, antimicrobial, antioxidant, antiviral, anti-
inflammatory, antiseptic, expectorant activities and used for the treatment of colds. In different
traditional medicines, it is used in herbal preparations of gastroenteric and bronchopulmonary

12



disorders. Thyme oil is one of the best essential oils used as a food preservative and used for

immune-stimulating activity [24].

The minerals in honey products directly depend on plant origin. From the results, we can see that
Thymus spp. honey is the highest in K, Ca with 6566 mg/l and 5688 mg/I, respectively. The canola
honey has the highest amount of Fe 2294 mg/l and multi-floral honey S2 presented the highest
data in Zn 748 mg/I.

For the screen test of quercetin, rutin, and spiraeoside by HPLC, several honey samples were
selected and the newly collected honey samples in 2019 showed higher results (Table 3). All honey
samples from Mihachi LLC S5, S6, S7; Permaculture LLC S3; Ikh Aurag Ord LLC S9; IVM S10
were tested for the above-mentioned flavonoids. In addition, new honey samples collected in 2019
of the previous S2, S3, S4 samples NS2, NS3, NS9 and totally new honey sample (NS11) supplied
from Limbet Ayalguu LLC in August 2018 and opened in December 2019 just for this experiment
were tested with HPLC.
TABLE 2. Statistics of Mongolian honey samples.

DPPH, | DPPH,

TPC, TFC, Vit | Vit | Vit
Sample mg/ml 1C50% K, Ca, Fe, Zn,
GAE mg/g | RE mg/g A E C
no. mean£SD | mg/ml mg/l | mg/l | mg/l | mg/l
mean+SD | mean+SD it Mo/g | Ho/g | polg
sults

1 2.79+0.11 | 0.18+0.07 | 66.28+3.6 | 44.95 | 0.65 | 1.27 | 0.28 | 1938 | 3776 | 601 | 459

2 0.70+0.13 | 0.12+0.32 | 55.74+7.1 | 107.8 | 0.65 § 0.33 | 474 | 414 | 1894 | 709 | 748

3 0.82+0.09 | 0.03+0.14 | 39.41+1.8 | 81.98 0 |027| O 924 | 2216 | 723 | 588

4 2.37+0.17 | 0.09+0.03 | 53.54+1.9 | 3153 | 0.78 | 0.94 | 0.37 | 1505 | 3027 | 415 | 622

5 1.98+0.03 | 0.16+0.08 | 66.68+2.4 | 32.18 | 0.92 | 0.21 | 6.41 | 6566 | 5688 | 710 | 613

6 1.43+0.08 0.04+0 | 49.21459 | 7255 | 0.78 | 0.48 | 0.56 | 4251 | 4074 | 578 | 652
7 1.0+0.25 0 51.62+5.2 | 41.96 0 | 067|374 - 2283 | 1011 | 422
8 0.60+0.05 0 47.3£7.1 1525 | 0.72 | 0.46 | 1.81 - - 2294 | 309
9 0.74+0.03 0 38.5+£2.7 645 | 0.72 | 0.42 | 2.09 - 1781 | 1109 | 497

10 1.11+0.11 0.01+0 62.3+2.9 | 46.94 | 2.07 | 046 | 1.13 | 4275 | 4322 | 759 | 609
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DPPH radical scavenging activity
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FIGURE 4. DPPH radical scavenging activity results in Permaculture LLC honey products. All

values are expressed as the means+SD (n=3).
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FIGURE 5. DPPH radical scavenging activity results in Mihachi LLC honey products. All values

are expressed as the means=SD (n=3).
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FIGURE 6. DPPH radical scavenging activity results in Ikh-Aurag Ord LLC and IVM honey

products. All values are expressed as the means+SD (n=3).
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TABLE 3. HPLC analysis of flavonoids.

Sample Quercetin, Rutin, Spiraeoside,
mg% mg% mg%

S5 0.029 - 1.32
S6 - - -

S7 - - -

S3 0.074 - 1.32
S9 - 3.36 -

S10 - 5.58 -
NS2 - 9.63 -
NS3 1.196 - -
NS9 - 8.54 -
NS11 0.297 19.14 -

7. CONCLUSION

1. The difference in the antioxidant effects of Mongolian honey samples is due to their

geographical origin and variation of plant species.

2. Buckwheat and thymus spp. honey products present moderate-high antioxidant effects and
contain a high amount of antioxidative components comparing with highly rated Manuka and

Greek honey products.

3. The high content of quercetin, rutin, and spiraeoside flavonoids in honey products indicates that
honey collected from wild type plant species may have higher antioxidant activity and antioxidant

effect directly depends on storage conditions.
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