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SUMMARY

RESEARCH ON DISTINGUISHING THE GEOGRAPHICAL ORIGIN OF HOALOC
MANGO VARIETY IN VIETNAM

Mango (Mangifera indica L.) is a tropical fruit of the Anacardiaceae family, origin in the Indo—Burma —
Malay region and later spread to other regions. Vietham is a major global mango producer; however, the
expansion of international trade has increased the prevalence of low-quality and fraudulent products,
emphasizing the necessity of origin identification for quality assurance and market integrity. This study
investigated the traceability of Vietnamese mangoes, especially the valuable Hoa Loc mango variety,
through an integrated analytical approach using principal component analysis (PCA) on inductively coupled
plasma mass spectrometry (ICP-MS) elemental concentrations. Mango samples from Tien Giang, Vinh Long,
Dong Thap, and Can Tho provinces were evaluated for their elemental composition(Mg, Al, Ti, V, Cr, Mn,
Fe, Co, Ni, Cu, Zn, As, Rb, Sr, Mo, Ag, Cd, Sb, Cs, Ba, Hg, and Pb). PCA of the elemental data showed
significant differences between regions. Important elements for distinguishing mango samples included Mg,
Cu, Rb, Sr, Cs. Notably, Can Tho samples had the highest Mg concentration (140.83 pg/g), while Tien Giang
had the lowest concentration (28.30 pg/g). Cu concentration in Tien Giang also the lowest of the 4 provinces
(0,2140,02 pg/g) and Can Tho is the highest (1,96+0,04ug/g). The above differences contributed to the
assessment of the origin of mango samples. Other notable elements such as Al, Ti Cr, Fe were also analyzed
and evaluated by province. The results of this study demonstrate the effectiveness of applying advanced
analytical techniques in traceability and quality control of Hoa Loc mangoes in particular, and agricultural
products in general.
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1. PAT VAN DE Nam, xoai cat Hoa Loc dugc danh gid cao
vé gia tri thuong mai [6]. Giéng xoai ban
dau duoc tréng & x4 Hoa Loc, huyén Gido
Prc, tinh Pinh Tuong nay duoc trong chi
yéu ¢ xa Hoa Hung, huyén Cai Be, tinh
Tién Giang voi dién tich hon 1.579 ha [7].
Pugc wa chuong trén thi truong trong
nuéc va qudc té, xoai cat Hoa Loc da tro
nén pho bién & cac qudc gia nhu Phap,
Hoa Ky, Canada, Uc, Nhat Ban,
Singapore, Pai Loan va Trung Qudc [8].
Hop tac xa8 Hoa Loc ¢ huyén Cai Be da
dugc Cuc So hitu tri tué cap gidy chung

Xoai (Mangifera indica L.) 1a mot loai trai
cay nhiét doi thugc ho dao 1on hot, co
ngudn goc tur Vung An P - Mién bién -
Malaysia va ké tir d6 da duoc trong &
nhiéu khu vuc khac nhau [1]. Viét Nam c6
trén 115.000 ha danh riéng cho viéc canh
tac x0ai, san xuat khoang 969.000 tan mdi
nam[2, 3]. Nam 2023, Viét Nam la mét
trong muoi quoC gia canh tac Xoal Ion
nhét thé giéi va 1a ngudn cung cip xodi
I6n thir 13 cho thi truong Hoa Ki [4, 5].
Trong sb 46 gidng xoai duogc trong ¢ Viét

51


mailto:levannhan.na@gmail.com

Tap chi phan tich Hoa, Ly va Sinh hoc - Tdp 31, Sé 04/2025

nhan bao ho thwong hiéu cho san pham
xoai cat Hoa Loc [7]. Xoai cat Hoa Loc
dugc chia thanh 2 loai: Loai 1, chit luong
cao véi mau ma dep phu hop dé xuat khau
va hang noi dia cao cip; Loai 2, chat
luong tuong duong nhung hinh thuc
khéng phi hop dé lam hang xuat khau
danh cho thi truong trong nuéc. Gia thi
truong cua loai 1 co thé cao hon loai 2 tir
2,5 dén 8 lan trén mdi can [9]. Su chénh
léch gia ca dang ké nay va nhu cau tiéu
ding cao khién xoai cat Hoa Loc tro
thanh muc tiéu cho cac hanh vi lira dao
bao gdm ca viéc ban céc san pham gia,
san pham kém chét luong. Diéu nay gay
nguy hiém dén sac khoe nguoi tiéu ding
va gay anh huéng dén uy tin cua nhan
hang [10].

Truy xuat ngudn goc thuc pham 1a yéu té
then chét dé duy tri an toan, chat lugng va
tinh xéc thyc cua cac san pham thuc pham
[11]. N6 giup ngudi tieu dung xac minh
lich str va nguon gdc cua thuc pham thuc
day long tin va ty tin vao chudi cung ung
thuc pham[12]. Piéu nay dic biét quan
trong trong thuong mai toan cau, khi cac
mat hang phai qua nhiéu diém xu ly va
trung chuyén trudc khi dén tay nguoi tiéu
dung. Uy ban Chau Au vé Mai truong, Y
té Cong cong va An toan Thuc pham da
xac dinh nudc ép trdi cdy la mot trong
mudi san pham thyc pham dé& bi gian 1an
nhat, nhan manh van dé rong hon vé thuc
phdm gia mao va su can thiét cua cac hé
théng truy xuat ngudn gdoc hiéu qua dé
bao vé nguoi tiéu dung va dam bao tinh
toan ven caa san pham [13]. Céc ki thuat
thng ké da thé hién duoc tinh hiéu qua
cao trong kha ndng phan loai va danh gia
chat luong thuc pham, trong d6, phan tich
thanh phan chinh (PCA) va phan tich cum
(CA) la nhimng phuong phap duoc st
dung pho bién nhat [14-17]. C6 2 phuong
phédp phén loai 1a dua trén tin hiéu phan
tich (non-targeted analysis) va dua trén
ham luong cac nguyén t6, ham luong chat

52

trong mau (targeted analysis) két hop
chemometrics. Nesakumar va cong su
phan loai san pham ci cai dya trén tin
hiéu phan tich, két hop PCA véi quang
phd FT-IR d danh gia d6 4m va xac dinh
tudi cta cu cai dudng véi do chinh xac
1én dén 97,5% [18]. Su két hop cua ICP-
MS véi cac ky thuat da bién xir Iy sd lidu
phan tich cung cap mot cong cu manh mé
dé _phan biét gitta cac nguon gbc dia ly va
gidng thuc vat khac nhau dua trén ham
luong nguyén t6 (targeted analysis).
Nghién ciu nay néu bat su két hop gitra
cac phuong phap da bién xir Iy sb liéu
phan tich dé dua ra két qua c6 do chinh
X4c cao, cho thay tiém nang cua phan tich
da bién trong truy xuat thuc pham. Yan
Wang va cong su da st dung PCA két hop
v6i ICP/MS/MS dé phan biét nguon gbc
dia ly cua gao dya trén phén tich 30
nguyén t6 [19]. Khéng chi vay, cac
phuong phap tiép can nay da duoc é&p
dung cho nhiéu loai san pham thyc pham
khéc cho thay tinh linh hoat cua phan tich
da nguyén t6 két hop voi PCA. Vi duy,
viéc phan biét cac nhan hiéu hat diéu dua
trén phan tich thanh phan nguyén té cua
chang, cho phép xac dinh cac dic diém
riéng cua thwong hiéu[15]. Tuwong tu, CAC
ving trong cai thao Trung Qudc
(Packchoi) da duoc phan biét dua vao
ham luong nguyén td, phan &nh su anh
huong cua cac hoat dong nbng, cbng
nghiép theo viing va diéu Kién méi trudong
hd tro x&c thuc san pham va dam bao 1ong
tin cia nguoi tiéu dung [15, 20, 21].
Nghién cau trén cho thay m01 twong quan
gitra ham luong nguyén té va ngudn gdc
dia ly, nhan manh gia tri cua phén tich da
nguyén té trong viéc truy tim nguodn gdc
c4c san pham ndng nghiép.

Nghién ciru ndy nham muc dich dé ra mot
huéng tiép can dé phan biét giira cac ving
trong xoai cat khac nhau, tan dung cac ki
thuat tién tién nhu PCA va ICP - MS. Bang
cach ting cuong kha ning truy xudt ngudn
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gdc va tinh xac thuc cua xoai cat Viet Nam,
dac biét la giong xoai cat Hoa Loc.

2. POI TUONG VA PHUONG PHAP
NGHIEN CUU

2.1. Hoa chit va thiét bi

Cac thudc thir st dung trong nghién ciu
nady bao gom Axit Nitric 65% mua tir
Merck, Darmstadt, Dtirc. Nu6c khir ion
siéu tinh khiét co dién tro suat 1a 18,2 MQ
cm duoc lay tir hé théng loc nuéc Milli-Q
Plus (Milli-pore, Bedford, MA, Hoa Ky).
Dung dich chuan da nguyén t6 100mg/L
bao gom Mg, Al, V, Cr, Mn, Fe, Co, Ni,
Cu, Zn, As, Rb, Sr, Mo, Ag, Cd, Sh, Cs,

Ba, Hg va Pb trong 5% HNO;
(TraceCERT, Merck, Darmstadt, Duc)
duoc cung cap boi  Sigma-Aldrich

(Missouri, Hoa Ky).

Can phan tich 4 s Satorius (Satorius AG,
Hoa Ky), thiét bi ICP/MS iCAP/TQ
(Thermo Fisher Scientific, Bremen, Duc),
thiét bi pha mau bang vi séng MARS6
(CEM, North Carolina, Hoa Ky), may xay
SEKA SK200 (Viét Nam).

2.2. Chuan bi mau

Tam muoi mau qua xoai Hoa Loc duoc
thu thap tir nhiéu don dién khic nhau &
bén tinh riéng biét: (1) xa Hoa Hung,
huyén Cai B¢, tinh Tién Giang, (2) xa
Quodi thién, huyén Viing Liém, tinh Vinh
Long, (3) xa& My Tho, huyén Cao Lanh,
tinh Bong Thép va (4) xa Théi Hung,
huyén Co Do, Tp. Can Tho, mdi ving
dong gop 20 mau (Hinh 1). Cac mau duoc
lya chon dé dam bao tinh dong nhat vé
thoi ky chin sau thu hoach (lya nhitng qua
dugc thu hoach trong ngay). Qua trinh
chuén bi bao gdm viéc loai bo hat va vo
mot cach c6 hé thong khoi mdi qua xoai.
Sau d06, cac mau thit qua tuwoi dugce ddng
hoa bang may xay dé dam bao thanh phan
ddng nhat. Cac mau da ddng nhat sau dé
duoc bao quan trong thoi gian 3 ngay &
4°C chuan bi cho qua trinh phan tich.
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W)

Hinh l.‘MdNM qud xodi cdt thu thdp tir ting ving
(a: Tien Giang, b: Vinh Long, c: Bong Thap,
d: Cén Tho)
Can 0,2 g mdi mau (chinh xac dén sé thu
3 sau dau phay) vao 6ng pha mau teflon,
théem chinh xac 4 mL HNO; 65% va dé
ong yén trong 8 gio. Tién hanh pha mau
bang 16 vi song MARS6 véi quy trinh
chuan danh cho thyc pham tuoi duoc cai
dat theo Bang 1[22].
Bing 1. Chuong trinh nhiét dj cua thiét by
pha mau MARS6

1 Ngudn dién (900 - 1050 W)
2 | Thoi gian tang nhiét 15 phat
3 Thoi gian duy tri 15 phat
4 Nhiét do 200 °C
5 | Thoi gian lam nguoi 20 phat

Céac mau sau khi dugc v6 co hoa bang 10
vi song ¢ dang dung dich trong sudt
khong mau, dugc dinh muc 1én 50mL
b'flng HNO3 5% trude khi dua di phan tich
bang thiét bi ICP/MS. Thiét bi ICP/MS
duoc cai dat theo gia tri bang 2.

Bang 2. Thong so cai dat thiét bj ICP/MS

Théng sb Gia tri
Gia tri RF 1400 W
Téc do dong khi 15 L/phit
plasma

Tbc d6 dong khi mang 1,05 L/pht
Nhiét d6 budng phun 2°C

S6 lan chay 3

S 1an quét 10
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Thong sb Gia tri

24Mg, 27A|, 47Ti,
51V, 52Cr’ SSMn,
56Fe, SQCO, 60Ni,
63CU, GGZn’ 75AS,
85Rb, SBSI‘, 98M0,
107Ag, 111Cd,
lZle, 133CS, 137Ba,
ZOZHg, va 208Pb

Cac déng vi dugc phan
tich

MGi mau dugc phan tich 3 1an, két qua do
dugc thé hién dudi dang gié tri trung binh
va khoang tin cay (2 x d6 1éch chuan)

2.3. Phan tich thong ké da bién

Két qua do ham luong kim loai trong mau
xoai dugc phan tich thanh phan chinh
(Princip al Component Analysis — PCA)
trén phan mém XLSTAT (Lumivero,
Denver, Hoa Ky). Nhitng kim loai c6 ham
lugng nho hon gia tri phat hién (LOD) sé
duoc dat gia tri bang 1/2 gia trj LOD gilp
phan mém nhan dién sé liéu théng ké.

Phan tich thong ké da bién duoc st dung
dé thu thap mot s6 két qua: biéu do tan
suit sang loc md ta mic d6 dong gop cua
cac thanh phan chinh vao mé hinh PCA,
dd thi tri s6 cta cac thanh phﬁn chinh.

3. KET QUA VA THAO LUAN
3.1. Két qua phan tich

Két qua trung binh trong bang 3 cho thay
mau xoai cat Hoa Loc tréng tai Can Tho
c6 thanh phan Mg cao nhat (140,83+9,49
ng/g). Haim luong Al thay ddi theo ting
ving, trong d6, Can Tho c¢6 ham luong
cao nhét (0,33+0,02 pg/g) va khong phét
hién Al trong mau tir Vinh Long. Ham
lugng Ti chi dugc phat hién trong mau &
Vinh Long va Can Tho, trong d6 ham
luong phat hién trong mau Can Tho rat
nhoé voi ham lwong khong dong déu con
ham lwong trong mau Vinh Long dong
nhét hon (0,63£ 0,01 pg/g). Ham luong V
trong mau tai Tién Giang va Can Tho c6
gia tri nho nhat (0,01+ 0,01 pg/g) va Vinh
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Long c6 gia tri nong do Ién nhat
(0,06£0,01 png/g). Vinh Long dong thoi
cing ¢6 ham lugng Cr Ion nhit
(2,43+0,03pg/g) va ham luong Cr cua
mau Tién Giang thap nhat (0, 07+0,01
ug/g). Ham luong Fe cua cac mau tu 4
tinh thanh c6 su chénh léch I6n vé nong
do, ham lugng Fe tai Vinh Long cao nhét
(9,91+1,93 pg/g) trong khi do tur Tién
Giang dic biét thap (0,31+0,02 pg/g).
Coban tai Pong Thap va Can Tho c6 gia
trj tvong duwong nhau va cao nhat (0,06+
0,02 pg/g) va Tién Giang nho nhat
(0,02+0,01 pg/g). Ham lugng Ni trong
mau Can Tho cao vuot trdi so véi cic
mau khéc (5,17+ 0,08 pg/g) trong khi céac
mau khac déu c6 ham luong <1 pg/g Voi
mau tir Tién Giang c6 gia tri nho nhat
(0,52+0,06pg/g). Mau Tién Giang ciing
c6 gia tri Cu nho nhét (0,21+0,02 pg/g) va
13 ving duy nhit c6 ham luong Cu <l
Hg/g, mau tai Can Tho c¢6 ham lwong Cu
cao nhét (1,96+0,04pg/g). Can Tho ciing
la khu vuc duy nhét phat hién kim loai Sr
va Ag trong mau véi ham luong lan luot
la 0,98+0,02 pg/g va 0,08+0,01 ug/g.
Ham lugng Mo trong mau Pong Thap va
Can Tho c6 ham lugng trung binh bang
nhau va cao nhat (0,19+0,01 pg/g) nhung
lai khong phat hién dugc trong mau tur
Vinh Long. Trong cic mau tir Tién Giang
khong phat hién dugc Cd ma Cs, tuy
nhién, mau tir Vinh Long chtra ham luong
Cs cao nhat (0,39+0,01 ug/g) va Can Tho
c6 ham luwong Cs cao nhat (0,03+0,01
Hg/g). Thay ngan 1a nguyén té duy nhat
khong thé phat hién trong toan bo qué
trinh do mau.

Nhiing két qua phan tich trén thé hién su
khéc biét vé nong do khoang chit trong
tirng mau xoai cat thu hoach tai céc tinh
khac nhau, cho thdy thanh phan khoang
chat trong dat, nuéc va cac yéu t6 moi
truong nudi trong c6 thé anh hudng dén
qua trinh hap thu nguyén t6 & xoai cat
[23]. Do d6, nhitng mau qua xo0di c6 ham



Tap chi phan tich Hoa, Ly va Sinh hoc - Tdp 31, S6 04/2025

lwvong Mg, Fe va Zn cao cd kha ning xut
su tu Vung trong cO6 mdi trudng giau cac
nguyén t6 ké trén. Sy khéc biét nay co thé
xuat hién do phuong phap nudi trong,
phan bon da dang nay xuit hién do ham
lwong nguyén td trong dat, nude tudi tidu
tai timg vung khac nhau, ddng thoi cac
phuong phap trdng trot (ki thuat tudi tiéu,
phan bén) clng gop phan thay doi ham
luong nguyen t6 trong moéi trudng dan
dén thay doi ham luong trong Cac mau
xo0ai. Cac phuong phép canh tac hiru co,
han ché st dung hoa chat tong hop c6 thé
dan dén thanh phan nguyén té khac nhau
S0 Véi cac phuong phép canh tac thong
thuong [24]. Nhiing phuong phap nay
khong chi anh hudng dén ham luong céc
chat dinh dudng trong dat, ma con anh

huéng dén hoat dong vi sinh va chét
lwong tong quan cua dat, tac dong dén kha
nang hap thy ciia cay. Ngoai ra, cac yéu td
khach quan nhu thoi tiét, khi hau, lwong
mua co thé anh huong dén thanh phan
khoang chét trong dit din dén thay doi
khoang chét trong xoai [25, 26]. Céc
thanh phan dinh dudng trong dat cd thé bi
rua troi tai nhitng khu vuc c6 lugng mua
cao dan dén ham lwong chat trong qua
thip va noi c6 lwong mua thap cé sy tich
tu mubi va khoang chit s& nong do
khoang chat trong qua cao hon [27]. Su
khac biét vé ham lugng chit do mdi
truong nay la nhan t6 dé giai thich dir liéu
cac nguyén t vi luong va phan loai dia ly
clia MAu X0ai.

Bdng 3. Gia trj trung binh cia 22 kim logi trong madu xodi tir 4 tinh (don vi: ug/g, Hg don vi: puglkg)

Kim loai QC1 QcC2 QC3

. ‘ ‘ (10 (25 (100

Tién Giang | Vinh Long | Pong Thap Can Tho Hg/g) | MO/g) Hg/q)
Mg 28,30+3,08 | 95,95+7,16 | 103,55+3,62 | 140,83+9,49 | 10,33 | 26.22 | 104.44
Al 0,08+0,01 <LOD* 0,03+0,01 0,33+0,02 9,99 25,47 | 103.04
Ti <LOD 0,63+0,01 <LOD 0,01+0,01 | 10,21 | 23,99 97.36
V 0,01+0,01 | 0,06+0,01 | 0,04+0,01 0,01+0,02 9,76 24,75 99.08
Cr 0,07+£0,01 | 2,4340,03 | 1,98+0,01 0,66+0,02 | 10,30 | 26,11 | 100.32
Mn 2,43+0,04 | 1,18+0,02 | 3,40+0,07 1,85+0,01 | 10,37 | 25,76 95.88

Fe 0,31+0,02 | 9,91+1,93 | 5,23+3,17 0,64+1,80 9,57 24,34 104
Co 0,02+0,01 | 0,04+0,01 | 0,06+0,02 0,06+£0,02 | 10,11 | 24,77 97.72
Ni 0,52+0,06 | 0,96+0,05 | 0,66+0,01 5,17+0,08 9,83 25,08 | 101.24
Cu 0,21+0,02 | 1,4240,10 | 1,31+0,05 1,96+0,04 9,87 23,97 97.84
Zn 2,05+0,19 | 1,32+0,14 | 4,07+0,11 5,99+0,06 | 10,00 | 26,73 | 100.88
As <LOD 0,01+0,01 | 0,01+0,01 0,04+0,01 | 10,41 | 24,43 96.68

Rb 1,04+0,43 | 0,87+£0,01 | 2,99+0,10 4,42+0,16 9,53 25,31 95.8
Sr <LOD <LOD <LOD 0,98+0,02 9,94 24,46 | 101.88
Mo 0,08+0,02 <LOD 0,19+0,01 0,19+0,01 | 10,26 | 25,22 95.96

Ag <LOD <LOD <LOD 0,08+0,01 9,89 24,17 99

Cd <LOD 0,39+0,01 | 0,21+0,01 0,05+0,02 9,77 24,79 | 104.88
Sh 0,33+0,02 <LOD 0,13+0,01 0,51+0,01 | 10,02 | 23,95 99.16
Cs <LOD 0,01+0,01 | 0,02+0,01 0,03+0,01 | 10,44 | 26,16 | 104.64
Ba 0,07+0,01 | 0,284+0,04 | 0,17+0,26 0,95+1,13 9.86 25,44 | 101.76
Hg(ug/kg) <LOD <LOD <LOD <LOD 10,22 | 26,03 | 104.12

Pb 0,05+0,01 | 0,04+0,01 | 0,05+0,01 0,05+0,01 | 10,05 | 24,85 99.4
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Két qua phan tich ham luong kim loai
trong cac mau xoai cat Hoa Loc cho thiy
cic mau déu dat tiéu chuin an toan thuc
pham cia Bo Y Té (QCVN 8-
2:2011/BYT)

Tu két qua do cac chudn kiém tra
ctia may ta thay do dung cua thiét
bi rat tét, khoang tuyén tinh rong.
Sai s6 twong ddoi tr -4,7% dén
4,88% cho thay phuong phap ICP —
MS c6 d6 dung cao

*LOD: Gigi han phat hién cia phuong
phap (3x d6 léch chuan = 0,003 pg/kg).
Gia tri trung binh va sai s6 cua mau xoai
dugc tinh dya trén gié tri trung binh khi
do 3 1an cua mau

3.2. Phan tich thanh phan chinh

Dé 4p dung phan tich thanh phan chinh véi
b so ligu, nhitng gia tri phan tich khdng
phat hién dugc lam gia tri 1/2 LOD
(0,0015 pg/kg). Bong thoi sb liéu phan tich
ham lugng Hg khdng xuat hién trong bat ki
mau ndo, do dé chung toi da loai bo Hg
khoi b s6 liéu phan tich thanh phan chinh.

Do thi trj sé cua cac thanh phan chinh
(Hinh 2) cho thay sy phan tach cua tirng
nhoém mau dong thoi biéu dién sy déng
g6p cua cac bién vao kha ning tach biét
nhém mau khac nhau va méi quan hé giira
cac bién ham luong. Hinh 2a cho thay su
phan bé dya trén thanh phan kim loai cua
cac mau thu thap tir Bong Théap va Can
Tho duoc phan bé canh nhau, diéu nay
thé hién c6 su twong dong giira thanh
phan chinh ctia mau xoai dén tir 2 khu virc
nay nhung su twong déng nay khong du
I6n @ khién 2 bo mau chdng I1&n nhau.
Bang 3 cho thdy su twong déng vé ham
lwong ciia mot sé chét thanh phan cé kha
ning dan dén 2 cum Pong Thap va Can
Tho phén bb lién ké nhau. Mic di Pong
Thap va Can Tho c¢6 Co, Cs va Mo sd hitu
gi4 tri twong duong dan dén sy phan bd
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cua hai ving nay trén hinh 1a gan nhau,
tuy nhién sy khéc biét trong t6 hop cua
c4c chét con lai da giup phan tach gia tri
cua 2 khu vuc ndy. Hinh 2b) biéu dién do
dong gop cua ting trong sé (loading) cua
cac PC. Nhitng nguyén té c6 trong sb >
0,4 dugc xem xét 1a gid tri c6 dong gop
vao PC va nhimg nguyén té c6 gia tri
cang gan gia tri +1 s& c6 anh huong 16n
hon so véi nhitng bién c6 gia tri can goc
toa d¢. Dua trén phuong sai tich luy F1
96,66% tong gia tri phan tich cua thuat
toan, ta thdy 8 nguyén té Mg, Cu, Rb, Sr,
Ba, Ni, Zn va Cs la nhiing bién anh huéng
dén kha ning phan tich cua thuat toan
PCA. Néu dya theo gia tri phan tich F2
chiém 2% thanh phan, ta c6 Al, Ti, Fe, Cr
va Cd 1a nhitng bién c6 anh huéng trong
2% thanh phan.

a) 15 Observations (axes F1 and F2: 98.66 %)
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Hinh 2. a)Biéu do phan tan cia cac mdu xoai theo
vi tri dia ly; b) biéu do phan tan theo bién
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Phuong sai ctia PC1 ¢6 chiém phan 16n ti
1¢ téng phuong sai va 16n hon PC2 rét
nhleu Bleu nay cho thay su tach biét vé
nguon goc clia cac mau xoai cat Hoa Loc
tir 1 yéu t6. Hinh 2b cho thiy nong d6 Mg,
Cu, Sr, Rb va Cs trong cic mau xoai cét
Hoa Loc c6 the giip danh gia, phan biét
nguon goc Xudt Xt cua cic mau thi
nghiém. Pac biét Mg c6 gia tri hoan toan
khac biét ¢ tung vung. Theo Shen [28],
ham lugng Mg va Mo hip thu boi ciy
trong ti 18 thuan v4i ham luong chét trong
dat trong. Thém vao d6, kha ning hép thy
Mo va Mg dugc tang va gidm kha nang
hép thu Zn, Cu, Mn va Fe trong moi
truong pH cao [23].

Hiéu qua cua PCA trong viéc phan tich va
giam khéi lugng tap sb lidu xoai da dugc
chitng minh trong cdc nghién cau khac
[15, 29]. Thuat toan di cit giam khdi
lugng 16n dix liéu va truc quan héa thanh
teng nhom r6 rang theo tiung khu vuc.
Trong nghién ctu cua ching tdi, cac mau
cua Tién Giang c6 phan bd gan nhau hon
S0 V&i cac mau tir cac khu vuc khéc, cho
thay it bién dong hon trong cic miu cia
Tién Giang do dién tich canh tac nho hon
S0 Véi céc tinh khac. Su dong nhat nay
dan dén it khac biét hon vé thanh phan
kim loai gitra cAc mau tir Tién Giang [7].
Dya trén hinh 1a, ta ¢d thé thiy sy phan
bd dua trén thanh phan kim loai cua cac
mau thu thap tir Bong Thap va Can Tho
dugc phan bd canh nhau, diéu nay thé
hién c6 su twong ddng gitta thanh phan
chinh caa mau xoai dén tir 2 khu vuc nay
nhung sy tuong dong nay khong du lon
dé khién 2 bo mau chong Ien nhau. Bang
3 cho thay su tuong ddng vé ham luong
ciia mot s6 chat thanh phan cé kha niang
dan dén sy lién ké cua két qua phan tich.
Mic du Pong Thép va Can Tho c6 Co, Cs
va Mo sé hitu gié tri twong duong din dén
su phan b cua hai vang nay trén Hinh 1a
gan nhau.
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Truy xuét ngudn goc thyc pham la mot
quy trinh phan tich xac thuc thdng tin vé
ngUOn gdc va quy trinh san xuét thuc
pham [30]. Linh vuc nay da va dang phat
trién do nhan thuc nguoi tiéu dung ngay
cang tdng va nhu cau vé cac phuong phap
dang tin cdy dé dam bao chit lugng va
tinh xac thuc cua thuc pham. Cac chi sé
sir dung dé truy xuit mai bao gébm cac
nguyén té kim loai quy, dat hiém, hd so
chuyén hoa két hop hoc may va phan tich
cam quan. Trong nghién cau nay, chdng
t6i da nghién ctu nhiéu nguyén to khac
nhau bao gom cac nguyén té thiét yéu nhu
Mg, Fe, Zn va cic nguyén t6 vi lugng nhu
As, Pb, Hg bang thiét bi ICP — MS dé xac
dinh ndng do cua ching trong tiing mau
x0ai. C4&C mau xoai duoc thu thap tu 4
tinh riéng biét nham tao su da dang cua
tap dix liéu. Céc yéu t6 nhu thanh phan dét,
tap quan canh tac va diéu kién moi truong
d3d duoc xem xét nhiam danh gia anh
hudng dén thanh phan nguyén té cta xoai.
Cac phuong phép truy xuat hién tai
thuong dya vao chudi cung tng, bao gom
thé vat ly, gidy to va quan ly chudi giia
ctra hang va nha cung cap [31]. Nhiing
phuong phép nay c6 thé bi lam gia dang
bang cach lam gia tem mac, gidy to hoic
trao d6i san pham sau khi dugc dan nhén
[32]. Tuy nhién, voi dir ligu thu thap tu
nghién ctru nay, chiing t6i d& xuat bo sung
nhitng dir liéu hoa 1y vao co s¢ dir liu
chung dé nguoi tiéu dung, cira hang ciing
nhu nha cung cip va co quan quan ly co
thé truy cap va theo doi. Co s¢ dir lieu
hay s& cung cAp mot dung cu dang tin cay
dé xac minh tinh xéac thyc va ngudn géc
cua mat hang xoai, giup bao vé nguai tiéu
dung khoi cac hanh vi lira dao va dam bao
uy tin ciia nha san xuat.

4. KET LUAN

Phan tich nguyén t6 bang ICP — MS da
cho thay su khac biét ve thanh phan
nguyén to trong xoai tir cac vung khac
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nhau, tao diéu kién phan biét khu vuc
Xuat xi. C4c nguyén té nhu Cu, Mg, Cs,
Rb, Sr la nhitng nguyén té chinh dan dén
kha ning phan loai, 1am ndi bat tim quan
trong cua thanh phan nguyén tb trong viéc
phan loai san pham thuc pham. Thong ké
da bién phan tich thanh phan chinh da
dung dé xu ly bo dit liéu da chiéu, phic
tap mot c&ch hiéu qua. Phuong phap nay
dd chuyén ddi dir liéu thanh mét tap hop
céc thanh phan chinh, gidp phan loai va
so sanh su khéc biét trong bo thanh phan
kim loai cia mau xoai. Nam nguyén t6 Cu,
Mg, Cs, Rb va Sr Ia nhiing yéu té dong
gop 16n trong qué trinh phan biét cac mau,
la minh ching cho kha ning giam chiéu
va xéac dinh bién sb can thiét cua PCA.
Bing cach ap dung PCA vao tap dit liéu,
nghién ctu nay nhian manh tam quan
trong cuia cac ky thuat thong ké tién tién
trong viéc quan ly va dién giai cac tap dir
ligu phuc tap, dong gop cho cong cudc
kiém soat chat luong, danh gia va nén
khoa hoc thuc pham.

LOI CAM ON

Nghién ctru nay dugc hd trg tir ngudn
kinh phi thuc hién caa nhiém vu khoa hoc
va céng nghé cap Vién Han 1am Khoa hoc
va Cong nghé Viét Nam: Nghién ctu (tng
dung cbng nghé tri tué nhan tao trong
danh gia chat luong noéng san, ma so:
CN4000.02/22-25.

TAI LIEU THAM KHAO

1. Yadav, D. and S. Singh, Mango: History
origin and distribution. Journal of
Pharmacognosy and Phytochemistry,
2017. 6(6): p. 1257 - 1262.

2. Muioz-Redondo, J.M., et al., Tracing the
geographical origin of Spanish mango
(Mangifera indica L.) using stable
isotopes ratios and multi-element
profiles. Food Control, 2021. 125: p.
107961.

58

10.

11.

12.

Han, B. and H. Nghia, Applying
advanced production, improving the
value of mangoes, in Nhan Déan. 2023.

TradelmeX, Top 10 Mango Exporter
Countries in 2023, in Top 10 Mango
Exporter Countries in 2023, TradelmeX,
Editor. 2024, TradelmeX ® Info Solution
Pvt. Ltd: India.

Vietnam+. Vietnam 13th largest mango
supplier for US. 2024 [cited 2024 May
22]; Available from:
https://en.vietnamplus.vn/vietnam-13th-
largest-mango-supplier-for-us-
post283212.vnp.

ROOTS, Mango Export. What Types of
Mangoes Does Vietham Have for
Export?, in ROOTS organic store and
juice bar. 2022: ROOTS organic store
and juice bar.

TienGiangelectronicinformationportal,
Promote the Hoa Loc mango brand, in
Tien Giang electronic information portal.
2020: Tien Giang electronic information
portal.

Scott, S., Agro-food system transitions,
short food supply chains, and
sustainability: Implications for regional
development Vietnam. 2006.

Anh, N., Hoa Loc mango specialties
dropped in price, in The people Police
Newspaper. 2021, The people Police
Newspaper:  The  people  Police
Newspaper.

Kaufmann, A., Multivariate Statistics as
a Classification Tool in the Food
Laboratory.  Journal of  AOAC
INTERNATIONAL, 2020. 80(3): p. 665-
675.

Prashar, D., et al., Blockchain-Based
Traceability  and Visibility ~ for
Agricultural Products: A Decentralized
Way of Ensuring Food Safety in India.
Sustainability, 2020. 12(8): p. 3497.

Montecchi, M., K. Plangger, and M.
Etter, Its real, trust me! Establishing
supply  chain  provenance  using


https://en.vietnamplus.vn/vietnam-13th-largest-mango-supplier-for-us-post283212.vnp
https://en.vietnamplus.vn/vietnam-13th-largest-mango-supplier-for-us-post283212.vnp
https://en.vietnamplus.vn/vietnam-13th-largest-mango-supplier-for-us-post283212.vnp

Tap chi phan tich Hoa, Ly va Sinh hoc - Tdp 31, Sé 04/2025

13.

14.

15.

16.

17.

18.

19.

20.

blockchain. Business Horizons, 2019.
62(3): p. 283-293.

Abid, HM.R., et al., Quantitative and
qualitative approach for accessing and
predicting food safety using various web-
based tools. Food Control, 2024. 162: p.
110471.

Nunes, C.A., et al., The use of statistical
software in food science and technology:
Advantages, limitations and misuses.
Food research international, 2015. 75: p.
270-280.

Nguyen-Quang, T., et al., Classification
of Vietnamese Cashew Nut (Anacardium
occidentale L.) Products  Using
Statistical Algorithms Based on ICP/MS
Data: A Study of Food Categorization.
Journal of Analytical Methods in
Chemistry, 2023. 2023(1): p. 1465773.

Chapman, J., et al., Application of cluster
analysis in food science and technology,
in  Mathematical and  Statistical
Applications in Food Engineering. 2020,
CRC Press. p. 68-73.

Templ, M. and B. Templ, Statistical
analysis of chemical element
compositions in food science: problems
and possibilities. Molecules, 2021.
26(19): p. 5752.

Nesakumar, N., et al., Analysis of
Moisture Content in Beetroot using
Fourier Transform Infrared
Spectroscopy and by  Principal
Component Analysis. Scientific Reports,
2018. 8(1): p. 7996.

Yan Wang, X.Y., Linan Liu, Junmei Ma,
Sufang Fan, Yan Zhang, Qiang Li,
Multielement  Principal Component
Analysis and Origin Traceability of Rice
Based on ICP-MS/MS. Journal of Food
Quality, 2021. 2021: p. 12.

Bui, Q.M. et al., Multivariate Statistical
Analysis for the Classification of
Sausages Based on Physicochemical
Attributes, Using Attenuated Total
Reflectance-Fourier Transform Infrared

59

21.

22.

23.

24.

25.

26.

217.

28.

(ATR-FTIR) and Inductively Coupled
Plasma-Mass Spectrometry (ICP-MS).
Journal of Analytical Methods in
Chemistry, 2024. 2024(1): p. 1329212.

Nguyen-Quang, T., G. Do-Hoang, and M.
Truong-Ngoc, Multielement Analysis of
Pakchoi  (Brassica rapa L. ssp.
chinensis) by ICP-MS and Their
Classification according to Different
Small Geographical Origins. J Anal
Methods Chem, 2021. 2021: p. 8860852.

CEM  Corporation,  Digestion  of
Grapefruit - MARS6. CEM Corporation.

Liu, Z., et al., Effects of Soil Type on
Trace Element Absorption and Fruit
Quality of Pepper. Frontiers in Plant
Science, 2021. 12.

Flavie, M.K.C., et al.,, Morphological
and Physical Diversity of Mangoes
(Mangifera indica L.) of Local Varieties
Found in Noun and Lekié Localities
(Cameroon). Sustainable  Agriculture
Research, 2022. 12(1): p. 1.

Adak, T., et al., Soil organic carbon,
dehydrogenase activity, nutrient
availability and leaf nutrient content as
affected by organic and inorganic source
of nutrient in mango orchard soil.
Journal of soil science and plant nutrition,
2014. 14(2): p. 394-406.

Harhash, M.M., M.M. Ahamed, and W.F.
Mosa, Mango performance as affected
by the soil application of zeolite and
biochar under water salinity stresses.
Environmental Science and Pollution
Research, 2022. 29(58): p. 87144-87156.

Migliavacca, D., E.C. Teixeira, M. Pires,
and J. Fachel, Study of chemical elements
in atmospheric precipitation in South
Brazil. Atmospheric environment, 2004.
38(11): p. 1641-1656.

Shen, H., Influence of soil microelement
on plant. Forestry Science and
Technology Information, 2010. 42(4): p.
12-14.



Tap chi phan tich Hoa, Ly va Sinh hoc - Tdp 31, S6 04/2025

29. Demsar, U., et al., Principal Component

30.

Analysis on Spatial Data: An Overview.
Annals of the Association of American
Geographers, 2013. 103(1): p. 106-128.

Danezis, G., A. Tsagkaris, V. Brusic, and
C. Georgiou, Food Authentication: State
of the Art and Prospects. Current
Opinion in Food Science, 2016. 10.

60

31.

32.

Lodige, M. Trace Your Food Back to its
Source. 2019 [cited 2024 May 23];
Available from:
https://www.foodunfolded.com/article/tra
ce-your-food-back-to-its-source.

VTV24, Exposing the trick of producing
fake alcohol "40 times profit”, in Anti-
smuggling, counterfeiting, consumer
protection. 2016: VTVNews.


https://www.foodunfolded.com/article/trace-your-food-back-to-its-source
https://www.foodunfolded.com/article/trace-your-food-back-to-its-source

