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TOM TAT

Trong nghién ctru nay, 5-hydroxymethyfurfural (HMF) dugc dinh luong bang phuong
phap sic ky long hiéu ning cao voi dau do diod array (HPLC-DAD). Phuong phap dinh
lugng duoc xac dinh theo huéng dan ciia Hiép hdi cac nha héa phan tich chinh thong
(AOAC) va Hoi dong qudc té vé su phi hop cac yéu cau ky thuat ctia duoc pham dung cho
nguoi (ICH) thé hién duoc tinh dic hiéu, do chinh xac, dd dtng, gidi han phat hién (LOD) va
gi61 han dinh luong dudi (LOQ). Su phan tach dugc thuc hién véi cft Gemini NX RP-C18
(250 mm x 4,6 mm, 5 pm) lam pha tinh; 2 dung moi 14 acetonitril:H,O = 85:15 (v/v) lam pha
dong; toc o6 dong duy tri 1 mL/phut ¢ nhiét d6 phong trong subt thi nghiém; thé tich tiém
mAu 50 pL. Phat hién bang ddu do diod array (DAD) & budc song 284 nm. Khoang tuyén
tinh nam trong khoang ndng d6 2-100 pg/mL véi hé sé xac dinh R* = 0,9996. Gidi han phat
hién (LOD) va gi6i han dinh lugng (LOQ) lan lugt 12 0,25 pg/mL, 0,75 ug/mL va twong ing
v6i d6 phuc hdi tir 87,3% dén 105,8%. Két qua phan tich ham luong HMF trong 12 miu mat
ong dang luu hanh trén thi truong c6 gia tri tir 47,8 dén 522,5 mg/kg. Tuy nhién, két qua
kiém tra c6 75% trong 12 mau c6 ham lwgng HMF vuot mic cho phép theo tiéu chuan
Codex Alimentarius (80 mg/kg).

Tir khéa: Hydroxymethylfurfural (HMF), mat ong, sic ky long (HPLC), dinh luong, thim
dinh quy trinh.

1. MO DAU

Mat ong 13 mét san phim tw nhién do con ong (4pis mellifera) thu thép dugc trong cac loai
hoa, 14 non. Thanh phan chu yéu cua mat ong gdm nudc (15-20%) va 2 loai dudng (fructose,
glucose) ciing v6i sy hién dién ctia mét lwong nho it nhat 22 loai duong phtic tap khac (80-85%)
[1, 2]. Ngoai ra, mat ong con chira mét lugng nhé khoang chét, protein, enzym, acid amin,
vitamin, acid hiru co va cac hop chat phenolic, flavonoid, carotenoid [3, 4]. Trong qué trinh
ché bién, mat ong thudng duogc ¢o dic (dudi 40 °C) dé loai nudc va ngin nglra sy 1én men ma
khong 1am anh huéng dén chat luong mat ong. Tuy nhién, viéc sir dung nhiét d6 cao dan dén
sy hinh thanh mot san pham chuyén hoa cua cic loai duong 1a 5-hydroxymethylfurfural
(HMF) [5]. Ham tuong HMF ting theo nhiét d6 va thoi gian bao quan, dugc coi 13 chi sé biéu
hién su giam chat luong ciia cac san phim chira carbohydrat [6, 7].

Céc nghién ctru va dgc tinh cia HMF da chimg minh nguy co gy dot bién gen va ung
thu duong rudt trén chudt thir nghiém [8-13]. Vi vay, cac t chirc qudc té quy dinh vé gidi
han cho phép cia HMF trong mat ong khong dugc cao hon 40 mg/kg va khong dugc cao hon
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80 mg/kg néu 1a mat ong co ngudn gdc cac nudce nhiét doi [14, 15]. Trén thé gi6i, HMF dugc
dinh luong bang nhiéu phuong phap khac nhau nhu phuong phap quang pho, phuong phap
sic ky 1ong hiéu nang cao, sic ky 1ong khdi pho sic ky khi khdi pho hay phuong phap dién
di mao quan [16-25]. Tuy nhién, ¢ Viét Nam van con ap dung phuong phap quang pho [26].

Trong nghién ctu nay, HMF dugc nghién ctru dinh lugng bang phuong phap sac ky long
hiéu ning cao, mot ky thuat da dugce xem 1a phd bién tai cac co so kiém tra chat luong & Viét
Nam hién nay.

2. NGUYEN LIEU, THIET BI VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén liéu va thiét bi
2.1.1. Héa chit

Methanol, acetonitril, nuéc loai dung cho sic ky long (Merck, btic), acid acetic,
kali ferocyanid, kali dihydrophosphat, kém acetat, acid phosphoric (Merck, Ptic) va
5-hydroxymethylfurfural (99% - Sigma, Singapore).

2.1.2. Thiét bi

Hé thdng sic ky 1ong hiéu ning cao 1260 Infinity (Agilent, M¥), dau do diod array (DAD),
may vortex (M¥), may ly tdim Hermle Z336 (Puc), can phan tich MS105DU, may do pH S220K
(Metler Toledo - Thuy S7).

2.1.3. Méu thir

Cac san phfm} mét ong dang luu hanh tai thi truong Viét Nam (Bang 1), dwoc ma hoa bang
ky hi¢u 1a “NC”, 0 thir tur 1-12.

Bdng 1. Béi tuong nghién ciru

STT | Mi s6 mau Nha san xuét/ phan phdi
1 NC1 Mat ong Viethoney (Cong ty Ong Mat VIETHONEY)
2 NC2 Mat ong Tay Nguyén Dakhoney (Cong ty CP Ong Mat bak Lak)
3 NC3 Mat ong Khanh Nga (Cong ty TNHH Khanh Nga)
4 NC4 Mat ong Hoa Ca Phé (Cong ty C6 phan tap doan Xuan Nguyén)
5 NC5 Mat ong Thanh hao (Cong ty Ong Mat Thanh Hao)
6 NC6 Mat ong Mariebee (Cong ty TNHH MTV btic Mai Khoi)
7 NC7 Mat ong nguyén chat (Cong ty TNHH Mat ong Phuc Tung)
8 NC8 Mat ong thién nhién (Cong ty Cé phin Ong M4t Binh Phudc)
9 NC9 Mat ong thién nhién (Cong ty C6 phan HONEYBOY)
10 NC10 | Bee Honey (Cong ty C6 phan Ong Mat Thanh ph Ho Chi Minh)
11 NC11 Highland Bee (Cong ty TNHH Ong Mat Cao nguyén)
12 NC12 Mat ong rimg (Cong ty CP Thuc pham dinh dudng Trudng Tho)

2.2. Phwong phap nghién ciru
2.2.1. Chudn bi dung dich chudn va mau

Mau tring: dung dich acetonitril:H,O = 85:15 (v/v).
Dung dich chuin gbc: Hoa tan 5 mg HMF trong 5 mL methanol dé c6 dugc ndng d6 HMF
1000 pg/mL.
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Dung dich chuin: Pha lodng dung dich chuin gbc thanh cac dung dich chun c6 ndng do
100 pg/mL, 80 pg/mL, 60 pg/mL, 40 pg/mL, 20 pg/mL, 10 ug/mL, 5 ug/mL va 2 ug/mL véi
pha dong acetonitril:H,O = 85:15 (v/v).

Mﬁu thtr nghién curu, mau thir thé~m chuén (thém chuén vao miu thuc NCI tai 3 muc néng
do, gom: 10, 25 va 50 ug/mL), x{r Iy mau theo quy trinh phan tich myc 2.2.2.

2.2.2. Phuong phadp phan tich

Qua trinh x1r ly loai dudng va lam sach mau duoc thue hién nhu sau: Tién hanh can 10 gam
mau hoa tan trong 50 mL nudc, thém 1 mL dung dich Carrez I (kali ferocyanid 15 g/L) va 1 mL
dung dich Carrez II (k&m acetat 30 /L), thém nudc cit vira da 100 mL, tron déu. Ly tam 30 phit
& tbe do 4000 vong/phut, loc qua mang loc cellulose acetat 0,45 pm lam dich tiém sic ky. Tiém
50 uL vao hé thdng sic ky long dé phan tich HMF. Hé thong HPLC (Agilent 1260 Infinity,
USA) vé6i dau do diod array (DAD) ghi & budc song 284 nm, cot sic ky Gemini-C18 (5 pum,
250 mm x 4,6 mm), c0t bao vé Zorbax SB-C18 (4,6 mm x 15 mm, 5 pum), pha dong
acetonitril: H,O = 85:15 (v/v), tdc d6 dong 1 mL/phut, phan tich ¢ nhiét d6 phong. Ham luong
(mg/kg) cia HMF duoc tinh dua trén dién tich pic ctia chat ddi chiéu 5-hydroxymethylfurfural.
Gia tri HMF cua tat ca cic mau dugc trinh bay 14 trung binh + SD [16, 18].

2.2.3. Tham dinh phwong phap

Cac chi tiéu tham dinh: d§ dc hi¢u, tinh phu hop hé thong, khoang tuyén tinh, do ding,
gidi han phat hién (LOD), gi¢i han dinh lugng (LOQ) cta phuong phap theo sy hudng dan cua
AOAC va ICH [27, 28].

3. KET QUA VA THAO LUAN
3.1. Tham dinh quy trinh phan tich

3.1.1. B¢ dac hiéu

T1en hanh phan tich cac rnau trang, mau nén, mau chuan mau thir, két qua & Hinh 1 cho
thay sac ky do (SKD) cua mau trang, mau nén khong Xuét hién pic tai thoi gian luu cua HMF
(8,9 phut) trong mau chuan mau thir. SKD ctia miu thir c6 rat nhiéu pic. Tuy nhién, pic HMF
gon, tach hoan toan khoi nén mau véi do phan giai cao va do tinh khiét pic kiém tra bang dau do
DAD trén 99,98% (Hinh 1f, h). Pho hép thy UV tai thoi gian luu ctia pic HMF trong mau thir
giéng phd UV tai thoi gian luu ctia mau chuan (Hinh 1e, f). Nhu vay, quy trinh 6 tinh dic higu.

3.1.2. Tinh phit hop hé thong

Tiém lap lai 6 1an cing trén mot mau thir thém chuén c6 ndng do khoang 20 ug/mL. Két
qua do6 léch chuén (RSD - Relative Standard Deviation) thu duoc cta thoi gian Iuu 1a 0,14%,
dién tich pic 0,29%, do phan giai (Rs - Resolution) 0,34%, hé sb kéo dudi (T - Tailing factor)
1,12-1,17, s6 dia 1y thuyét (N - Theoretical plates) bang 10600, dat yéu cau (T: 0,8-2,0; N > 2000,
RSD < 2%). Hé théng sic ky phii hop dé tién hanh dinh lugng.

3.1.3. Puong chudn va khodng xdc dinh

Két qua phan tich cac dung dich chuan HMF ¢ 8 ndng d6 khac nhau trong khoang
2-100 pg/mL cho thiy trong quan tuyén tinh gitta ndng d6 va dién tich pic cia HMF trong khoang
khao sat, véi hé s6 xac dinh R* = 0,9996 (phuong trinh hdi quy y = 58,429x + 19,601). Két qua
dugc trinh bay trong Bang 2 va Hinh 2.
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Bdng 2. Két qua khao sat khoang tuyén tinh
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Hinh 1. Sic ky do: (a) mﬁu trang, (b) mau 9hu§n, (c) mau thtr, [C méu thém chuan,
(e, ) ph6 UV va do tinh khiét pic HMF trong mau thu,

(g, h) phd UV va d6 tinh khiét pic HMF trong mau chuén.
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Hinh 2. D4 thi thé hién tuong quan gitra dién tich pic v6i nong do ctia HMF
3.1.4. D6 lap lai

Chuén bi 6 mau thtr, tién hanh sic ky 6 mau thir, mdi ’ma:lu 1 lan. Ké:[ qua dugc trinh bay
tom tat trong Bang 3 cho thay phuong phéap phéan tich c6 két qua lap lai tot voi RSD 0,84%.

Bdng 3. Két qua x4c dinh d¢ lap lai

STT Khéi lugng miu (g) Dién tich pic (mAU%*s) Ham luong (mg/kg)

1 10,044 1082,48547 101,30

2 10,068 1076,47266 101,09

3 10,041 1074,09814 99,13

4 10,067 1077,98464 100,62

5 10,065 1074,17517 100,94

6 10,078 1080,35315 101,43
TB £SD 100,75 + 0,84
RSD % 0,84%

3.1.5. Do dung

Thém chuén vao mau thue NC1 ¢ cac mirc 10 pg/mL, 25 pg/mL, 50 pg/mL, & moi murc
thuc hién 3 lan. Phan tich thay d¢ phuc hoi cua HMFrlé 87,3-106,6%, déu nam trong gioi
han cho phép cua AOAC (80-110%), RSD < 5% [4]. K&t qua dugc trinh bay trong Bang 4.

Bdng 4. Két qua xac dinh d6 ding

Nong d6 thém vao Nong d6 thém vao Nong d6 thém vao
Min : (10 pg/mL) : (25 pg/mL) : (50 pg/mL)
Nong d6 tim | D¢ dung Nong do tim b6 ding | Nong d6 tim| D9 ding
lai (pg/mL) (%) lai (pg/mL) (%) lai (pug/mL) (%)
1 9,62 96,2 24,80 99,2 52,90 105,8
2 9,38 93,8 26,68 106,7 50,65 101,3
3 8,73 87.3 25,98 103,9 48,85 97,7
TB +SD 92,4+4,6 103,2+3,8 101,6 + 4,1
RSD % 4,6% 3,6% 4,0%

3.1.6. Gioi hgn phat hién (LOD) va gioi han dinh lwong (LOQ)

Tién hanh phan tich cdc mAu c6 ndng dd HMF giam dan, x4c dinh do dép tmg (S - Signal)
cua tin hitu HMF va d6 nhicu duong nén (N - Noise), xac dinh ty 1€ tin hi¢u chia cho nhiéu
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dudng nén (S/N). Két qua thu dugc LOD va LOD lan luot 1a 0,25 pg/mL va 0,75 hg/mL. Két
qua nghién ctru trén cho thiy, viéc xac dinh ham lvong HMF trong mat ong bang phuong
phap sic ky 16ng hiéu ning cao dd duoc xay dung va thim dinh theo hudng dan cia AOAC,
ICH dat yéu cau phén tich vé 3o ding, do chinh xac, d¢ tin cay va do nhay cao.

3.2. Ham hrgng HMF trong cic miu nghién ctru

Két qua phéan tich ham lugng HMF trong 12 mau mat ong dang luu hanh trén thi truong
(Bang 5) c6 gia tri tir 47,8 dén 522,5 mg/kg. Trong cac mau “NC3, 5, 6, 9” ¢6 ham lugng HMF
rét cao, twong Ung voi thoi gian luu trit mau dai hon cic mau nghién ciru khac. Mic du,
ngudng an toan (TDI - tolerate daily intake) riéng cho HMF trong mat ong & Viét Nam van
chwa duoc thiét 1ap. Tuy nhién, theo tiéu chuin Codex Alimentarius, 75% cic mau ndy c6 ham
luong HMF vuot mirc cho phép la 80 mg/kg [14]. Ham luong HMF cao co thé do su tich liy
céc san pham phan hiy ciia cac gbe duong tang theo thoi gian va diéu kién bao quan. Két qua
nay phu hop voi nghién ciru 6 Malaysia cho thdy rang nong 46 HMF trong cdc mau mat ong
bao quan dudi 6 thang nim trong gidi han dé nghi (2,80-24,87 mg/kg). Trong khi d6, cac mau
Iuru tri tir 12 dén 24 thang c6 ndng dd HMF cao hon nhiéu (118,47-1139,95 mg/kg) [29].

Bdng 5. Két qua phan tich ham lugng HMF trong cac mau nghién ctru

STT Mau Ham luong HMF (mg/kg) Thoi gian luwu trit mau (thang)*
1 NCl1 100,7 £ 0,8 9
2 NC2 1289+ 1,6 11
3 NC3 318,2+24 11
4 NC4 97,5+ 1,1 11
5 NCs 2338+ 1,5 19
6 NC6 227,4+27 13
7 NC7 152,7+ 14 11
8 NC8 58,3+0,18 12
9 NC9 522,5+44 21
10 NC10 47,8£0,18 12
11 NCI11 57,31 £ 0,45 21
12 NC12 177,1£3,5 11

* Thoi gian tinh tir thang san xudt cho téi khi ldy mdu phan tich.
4. KET LUAN

Nghién ciru da thanh cong trong viéc dinh lugng HMF trong mét ong bang phwong phap
sic ky long hiéu ning cao st dung dau do diod array (HPLC-DAD) & budc song 284 nm.
Phuong phap dinh lugng dugc tham dinh cho khoang nong do tuyén tinh 2-100 pg/mL vé6i hé s6
xéac dinh R*=0,9996. Tir 12 miu mat ong duoc khao sat & cac vung trong nudc, co dén 10 mau
khong dap tmg gi¢i han HMF nghiém ngit theo tiéu chudn Codex Alimentarius (80 mg/kg). Két
qua cho thdy, dé mat ong trong nudc c6 kha ning xut khau sang thi truong nude ngoai, cac
cong ty kinh doanh mat ong can xem xét cai tién k§ thuat va quy trinh san xuét, thu hoach va
bao quan mat ong nham giam thiéu tdi da sy hinh thanh HMF trong mét ong. Pdng thoi, can
c6 nhimg nghién ctru sau hon nham tim hiéu thanh phin trong mat ong cling nhu sy anh
huong cia cac yéu t6 moi truong, khi hau, thyc vat cung cdp mat va quy trinh san xuit dén
san lugng va chat luong mat ong.
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ABSTRACT

DETERMINATION OF 5-HYDROXYMETHYLFURFURAL IN HONEY
BY HIGH PERFORMANCE CHROMATOGRAPHYL METHOD (HPLC-DAD)

Dinh Chung Duong'”, Ngoc Yen Nguyen Thi', Khanh Quan Nguyen Huu',
An Sa Tran Nguyen”, Hoa Nguyen Van’

'Nguyen Tat Thanh University

’Ho Chi Minh City University of Food Industry

*Email: ddchung@ntt.edu.vn

In this research, high performance liquid chromatography coupled with photodiode array
detector (HPLC-DAD) has been reported to quantify 5-hydroxymethyfurfural (HMF)
compounds in honey. This method has been validated according to the Association of Official
Analytical Chemists (AOAC) and the International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use (ICH) guidelines and shown to be specificity,
precise, accurate, lower limit of detection (LOD) and lower limit of quantitation (LOQ). The
separation was developed by selecting Gemini NX C18 (250 mm X 4.6 mm, 5 pm) column as
stationary phase and acetonitril:H,O = 85:15 (v/v) as mobile phase, flow rate of mobile phase
was maintained at 1 mL/min at room temperature throughout the experiment, injection volume
50 pL. Quantification was achieved with photodiod arrays (DAD) detection at 284 nm. A good
linearity was observed in the concentration range of 2-100 ng/mL with a correlation coefficient
(R? = 0.9996). LOD and LOQ on the sample were 0.25 mg/mL and 0.75 mg/mL, respectively
and the recovery of method from 87.3 to 105.8%. Results of analysis of HMF content in 12
samples of honey in the market valued from 47.8 to 522.5 mg/kg. However, the results revealed
that 75% of the samples were failing to meet the Codex Alimentarius standards because HMF
content in most of samples was above the limit of 80 mg/kg.

Keywords: Hydroxymethylfurfural (HMF), honey, liquid chromatography (HPLC), determination,
process validation.
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