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Abstract

Fish bone by-products are considered as abundant source of hydroxyapatite (HAp). The preparation of HAp
from fish bones not only contributes to improving the value of by-products but also minimizes negative
impacts on the environment. In this study, nanohydroxyapatite was successfully obtained from Lates
calcarifer fish bone purchased from seafood export company in Khanh Hoa province. Fish bones were under
alkali treatment and then heated at 600°C within different time intervals of 1, 2 and 4 hours. Analysis of
XRD and SEM showed that the calcium formed was completely single-phase and possessed an average size
of 50-64 nm depending on the calcination time. The results of the Ca/P molar ratio from 1.839 to 1.847
prove that the nano-HAp powders are B-type biological hydroxyapatites, which has been confirmed by FTIR
spectrum. In addition, the content of heavy metals such as As, Pb, Hg, Cd is detected within safety limits.
These properties allow nano-HAp powders to be applied in food and medicine fields.

Keywords: Bone, Lates calcarifer fish, 600°C, 1, 2, 4 hours, nanohydroxyapatite, B-type biological
hydroxyapatites.

Citation: Le Ho Khanh Hy, Dao Viet Ha, Pham Xuan Ky, Nguyen Phuong Anh, Phan Bao Vy, Doan Thi Thiet, 2020.
Certain properties of nanohydroxyapatite obtained from Lates calcarifer fish bone. Vietham Journal of Marine Science
and Technology, 20(4A), 173-186.

173


http://dx.doi.org/10.15625/1859-3097/14/2/4475

Tap chi Khoa hoc va Céng nghé Bién, T4ap 20, S6 4A; 2020: 173-186
DOI: https://doi.org/10.15625/1859-3097/15659
http://www.vjs.ac.vn/index.php/jmst

M@t s6 dic tinh hoa ly cia nano hydroxyapatite thu nhan tir xwong ca
chém Lates calcarifer

Lé Hé Khanh Hy , Pao Vit Ha, Pham Xuan Ky, Nguyén Phwrong Anh,
Poan Thi Thiét, Phan Bao Vy

Vién Hai dwong hoc, Vién Han 1am Khoa hoc va Cong ngh¢ Viét Nam, Viét Nam
“E-mail: lehokhanhhy@gmail.com

Nhan bai: 28-8-2020; Chap nhan ding: 26-10-2020

Tom tat

Phu phdm xuong cé 1a ngudn thu nhan hydroxyapatlte (HAp) khéa ddi dao. Viéc diéu ché HAp tir xuong ca
khong nhirng g6p phan nang cao gia tri phu pham ma con giam thiéu tac dong tiéu cuc dén moéi truong.
Trong nghién cau nay, nano hydroxyapatite dugc thu nhan thanh cbng tir xuwong ca chém Lates calcarifer
thu mua tir céng ty xuat khau thiry hai san & Khanh Hoa. Xwong ca dugc xt If kiém va sau d6 duoc nung &
600°C trong cac khoang thoi gian khac nhau 1a 1, 2 va 4 gio. Phan tich XRD va SEM cho thiy dang canxi
thu nhan duoc hoan toan don pha, ¢ kich thudc nano trung binh tir 50-64 nm ty theo thai gian nung. Két
qua vé chi sé6 mol Ca/P tir 1,839-1,847 chirng to bot canxi nay 1a hydroxyapatite dang B sinh hoc va da duoc
x4c nhan bai phd FTIR. Thém vao d6, ham lugng caa cac kim loai ning nhu As, Pb, Hg, Cd duoc phét hién
trong giéi han an toan. Nhiing tinh chit nay cho phép bot nano HAp c6 thé dugc tng dung trong linh vyuc
thuc pham va y duoc.

Tur khéa: Xuong, ca chdm Lates calcarifer, 600°C, 1, 2, 4 gio, nano hydroxyapatite, hydroxyapatite dang B

sinh hoc.

GIOI THIEU

Canxi hydroxyapatite con dugc goi la
hydroxyapatite (HAp) la mot dang canxi
phosphat ty nhi€n co tinh twong thich sinh hoc
cao voi té bao va md [1]. HAp c¢6 cong thuc
hoa hoc Calo(PO4)6(OH)2, 1a thanh phan chinh
trong xuong va rang ngudi va dong vat, trong
xwong chiém den 60-70% khoi luong [2] va
trong rang chiém 97% [3]. HAp c6 ty Ié Ca/P
giong nhu ty I¢ Ca/P tuy nhién trong xuong va
rang (Ca/P 1,67) [4, 5]. Nho vao céc tinh chat
quy gia trén, HAp & dang bt min, siéu min,
dang xop, dang mang da va dang duoc nghién
citu nham m¢ rong kha ndng tng dung cua
chung. Cac ung dung phai ké dén cua HAp la:
thuc pham chirc ning bd sung canxi [6]; lam
vat ligu phau thuat ding trong cdy ghép xuong
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va ring [4, 7, 8]; khiém khuyét so [9]; ung
dung 1am vat liéu hap thu [10].

HAp co thé duoc thu nhan tir 2 cach chinh
(1) Tong hop nhan tao tir c&c hgp chat c6 chua
canxi va phospho [6]; va (2) Thu nhan tir cac
nguon ty nhién nhu san ho [11-13], nang muc
[14-18], Vo céc loai dong vat nhu so, hau, ¢
[19-23], vo trang [24, 25], vay ca [26-29],
xuong bo [30, 31], xwong ca [32-35]. Déi Voi
cac san pham HAp duoc diéu ché theo phuong
phép téng hop, tuy HAp thu dwgc co nhleu
hinh dang kich thudc khac nhau tuy theo diéu
ki¢n phan tmg nhung lai doi hoi cac budc tinh
ché dé loai bo cac san pham phu nham tranh
anh hucmg dén chat lugng san pham ciing nhu
c6 thé cd tac hai véi ddi tuong st dung [36]
Trong khi d6, HAp dwoc chiét xuat tir cac
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nguon tu nhién lai c6 do tinh khiét va do twong
thich sinh hoc cao, do d6 co thé thay thé cho
ngudn HAp nhan tao.

Trong nhimg nim gan diy, mdi nim c6 dén
hang triéu tin ca duoc danh bit dé dap wng nhu
cau tiéu dung cia con ngudi nhung chi ¢6 50—
60% tong san luong khai thac duoc st dung,
phan con lai bi loai bo [33]. Bi kém vdi su gia
ting cac san pham thuy san gép phan phat trien
kinh te cdng nghiép ché bién thuy san thai ra
mot sd luong 16n cac loai phu pham va phé
pham; néu khong dugc xur ly ki s& la théach
thac 16n voi moi truong. Tuy nhién, cac phu
pham va phé pham nay 1a nguon nguyén li¢u dé
tach chiét cac hop chit co gia tri, phuc vu doi
séng con ngudi. Chinh vi diéu d6, xwong nhiéu
loai ca da duoc sir dung dé tach HAp bang cac
phuong phéap khic nhau nhu: ca kiém (Xiphia
gladius) va ca ngtr (Thunnus thynnus) [33], c&
tuyét Atlantic (Gadus morhua) [34], cé trap
bién Nhat Ban [33], ca hoi [37], c& ma [38], c&
rd phi [39], ca ngir van (Katsuwonus pelamis)
[40]...

Tai Viét Nam hién nay, ca chém dang duoc
nubi vai 2 hinh thae chinh 1a nuéi dia va nubi
ldng trén bién. C4 chém duoc nudi phan bé doc
theo bo bién céc tinh, thanh phd nhu Quang
Ninh, Hai Phong, Thira Thién-Hué, Quang
Nam, Pa Ning, Binh Dinh, Khanh Hoa, Binh
Thuan, Ba Ria-Viing Tau va quan dao Truong
Sa (Nguon bao Thay san Viét Nam, 2018).
Téng san luong ude dat nam 2014 voi hinh
thire nuoi dia 1a 2.207 tin va nudi 16ng 1a 2.175
tan, fillet dang dwoc xuat di cac thi truong Hoa
Ky, Chau Au, Pai Loan va Han Qudc (Ngudn
bdo Lién hiép cac hoi khoa hoc ki thuét tinh
Khéanh Hoa, 2014). Vi san lugng ca chém cao,
lugng phu pham xuong ca 1a ngudn thu nhan
HAp khé dbi dao.

Nam 2017, tr xuong c4 nglr Vvan
Katsuwonus pelamis, sau khi khao sat nung &
cac nhiét do khac nhau 600, 900 va 1.200°C
trong 9 gio, ching t6i nhan thay khi nung &
600°C, HAp duoc chiét xuét thanh cong véi ti
I6 Ca/P 1,658 gan véi ti 1& Ca/P 1,67 trong
xwong ngudi; cac tinh thé HAp c6 kich thuéc
nano trung binh 250 nm va cé su phan bé kich
thudce twong ddi dong déu [41]. Do dé, trong

nghién cau nay, tir phé pham xuong ca chém
Lates calcarifer, chung t6i su dung phuong
phap gia nhiét & 600°C trong nhiing khoang
thoi gian khéc nhau 1, 2, 4 gio dé nghién ctu
diéu ché HAp & kich thudc nano va khao sat
mot s6 tinh chat hoa ly caa bot nano HAp nay.

VAT LIEU VA PHUONG PHAP NGHIEN
cuu
Vat ligu nghién ciru

Xuong ca chém Lates calcarifer sau khi
fillet va cit bo dau duoc thu mua tai cong ty
TNHH T va H (Vinh Phuong, thanh phé Nha
Trang, tinh Khanh Hoa) vao thang 1/2020.
Xuong cé4 sau d6 duoc rira sach, bao quan bang
da lanh, van chuyén vé phong thi nghiém. Tiép
theo, xuong cd chém dugc dun sbi trong 1 gio
dé loai sach phan m6é mém con sot lai, loc rua
bang nudc sach nhiéu lan dé loai bo phan co
con s6t, qué trinh dun soi loc rua nay duoc lap
lai cho dén khi xwong tring. Xuong sau do
duoc phoi khé & nhiét &6 phong dén khéi luong
khong dbi.

Xuong ca chém dugc xu ly kiém theo
Venkatesan et al., (2015) [38] voi mot sb thay
d6i nho. Cu the xuong dugc dun s6i Vi
acetone (ti 1& 1:50 trong nudc) va 2% NaOH
trong 1 gior dé loai bo protein, lipid, dau va cac
tap chat hiru co khac con bam dinh (ti 1& xuong
va dung dich long 1a 1:50). Sau do, xuong dugc
loc rira véi nudc, tiép tuc thay nudc nhiéu lan
sao cho pH nuéc tré vé trung tinh. Tiép theo
xuong dugce sdy & 60°C dén khoi luong 'khong
doi (24 gio), nghién nho bang chay va cdi, tron
déu dé chuan bi cho cac thi nghiém tiép theo.

Ph1r0’ng phap nghlen ctru
Bé tri thi nghigm diéu ché hydroxyapatite sir
xwong cd chém

Mau xuong ca sau khi dugc Xt Iy nhu trén
duoc nung & nhiét do 600°C trong vong 1, 2, 4
gid (may gia nhiét Nabertherm GmbH); & mdi
khoang thoi gian khac nhau, sé mau dwoc nung
la 3 (n = 3) v6i khéi lugng mdi miu 20 g. Mau
sau khi nung dwoc nghién nho, tdn min bing
cdi da. Véi mdi nhiét @6 khéac nhau, lay 3 phan
& 3 miu xuwong ca di nung voi khdi luong
gidng nhau, tron déu dé phan tich dic diém hoa
1y ctia hydroxyapatite tir xwong ca chém.
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Phuwong phdp xdc dinh cdc ddac tinh hoa ly
chii yéu ciia hydroxyapatite ¢ cdc nhiét dp
khdc nhau

Mau xwong ca sau khi nung dugc phén tich
bang phd nhidu xa tia X (XRD) (may D2
Pharser -Brucker), phd hip thu héng ngoai
(FTIR) (may Bruker Equinox 55), tir d6 cho
phép xac dinh don pha hydroxyapatite chiét
Xuat tir xwong ca chém [33]. Phan tich duogc
thuc hién tai Chi Cuc Kiém Dinh Hai Quan 3,
thanh ph Ho Chi Minh.

Xac dinh hinh dang va kich thuéc cua tinh
thé hydroxyapatite bang cach sir dung kinh
hién vi dién toc SEM (may SEM Hitachi S-
4800) [41]. Kich thuéc trung binh tinh thé
canxi thé hién bang gié tri trung binh + SE,
duoc tinh toan dya vao phan mém Imagel
1.48V v¢i thanh thudc ti 1€ trong hinh chup.
Phan tich dugc thuyc hién tai Trung tam
Nghién ctu trién khai Khu Céng nghé cao,
thanh phé H6 Chi Minh.

C1-600

Bot ﬂguyén liéu

Xac dinh ham luwong céc kim loai ning
(mg/kg) nhu Pb, Hg, Cd, As va ham lugng %
nguyén té canxi va phospho bing phwong phap
do quang pho phét xa (may Agilent 7700x-LC-
MS). Phén tich nay dugc thuc hién tai Trung
tdm Dich vy Phan tich Thi nghiém thanh phd
H6 Chi Minh.

KET QUA VA THAO LUAN
Hinh anh bt hydroxyapatite dwgc diéu ché
“Hinh 1 mo6 ta hinh dang ngoai ctia phu
pham xuong c& chém Lates calcarifer ban dau
(a); xwong trang sau khi duoc loai sach md
mém (b) va bot canxi hydroxyapatit sau khi
nung & 600°C trong khoang thoi gian khac
nhau (1, 2, 4 gid) (c). Hinh 1c cho thiy bot
nguyén liéu trude khi nung khé min, mau trang,
séng; trong khi d6 bot canxi hydroxyapatite
hinh thanh & 600°C trong cac khoang thai gian
khac nhau c6 mau tring duc hon, min, khong
mui khéng vi va khi dugc nung lau hon, bot
canxi c6 mau trang sang hon.

‘\\?3

74'\ lr'ﬁ' /-""‘\“;"ﬂ'

C4-600

Hinh 1. a) Phy pham xuong c4 chém Lates calcarifer; b) Xuong tréng loai sach phan mé mém;
¢) Bot nguyén liéu xwong ca va cac mau bot canxi sau khi nung ¢ 600°C
trong khoang thoi gian khac nhau (1, 2, 4 gio)

176



Certain properties of nanohydroxyapatite obtained

Cac dang canxi hydroxyapatite hinh thanh &
khoang thoi gian khac nhau
Phé hang ngogi FTIR

Pho hong ngoai cua cdc mau canxi duoc
hinh thanh & 600°C trong cac khoang thoi gian
khac nhau (1, 2, 4 gio) dugc the hign trong
hinh 2 va bang 1. Tat ca cac pho hong ngoai
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20

nay déu thé hién nét twong ddng & cac dinh
hap thu cta cac nhdm chirc khac nhau cua
HAp Ca;o(PO,)s(OH), la POs* va OH. Két
qua thu duge nay tuong tu v6i cac nghién cau
truéc day trén xuong ca kiém (Xiphia
gladius), ca ngur (Thunnus thynnus) [33] va
trén xwong ca hoi [38].

—C1-600
—C2-600
— C4-600
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Wavenumber (cm™)

Hinh 2. Pho hong ngoai cua hydroxyapatite hinh thanh ¢ 600°C trong khoang thoi gian khéc nhau
(mau den: C1-600 la mau nung ¢ 600°C trong 1 gio; mau d6: C2-600 la mau nung ¢ 600°C
trong 2 gio; mau xanh: C4-600 la mau nung & 600°C trong 4 gio)

Cu thé ddi véi phdé hdng ngoai cua mau
nung & 600°C trong 1 gid (twong tw véi phd
hdng ngoai cia cac mau & 600°C trong 2 va 4
gid), phd hién thi cac dinh hap thu dic trung
cho nhém PO;* bao gém ba ving chinh: Ving
1 bao gém dao ddng co gian v3 va vi, ving 2
va 3 twong ung véi dao dong udn v2 va v4. Cu
thé, vung dau tién thé hién cac dinh 1.094,
1.034 cm™, twong trung cho dao dong co gidn
v3 va dinh hip thu ¢ 962 cm™ twong tng Vi
dao d6ng co gian v1. Vung tht hai cua ion

phosphat thé hién dao dong udn v4 véi cac dinh
dugc xac dinh rd ¢ 633, 602 va 571 cm™. Vung
thir ba dwoc quan sat thiy dinh hap thu yéu ¢
473 cm™ twong &ng véi ché do udn v2.

Dbi voi nhém chae OH, dao dong gidn
dugc thé hién tai hai buéc séng 3.451 va 3.571
cm™. Sy hién dién cua vat chat dudi dang hiu
co (C-H) duoc phét hién dudi dang cac dinh
cuong d6 thiap & budc séng 2.933 cm™. Tuy
nhién, dinh nay chi xuit hién & mau nung &
600°C trong 1 h, d6i v&i cac mau nung khac &
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600°C (phé IR C2-600 va C4-600), dinh nay
khéng xuét hién chimng to thoi gian nung 2 va 4
gio 1a khoang thoi gian da dé cac co con sot lai
trong xwong c& phan hiay va bién mit. Ngoai
cac dinh hap thu chinh caa cac nhém chuc hién
dién trong cau trdc cua hydroxyapatite, trong

phd cua cac mau con xuat hién cac dinh cua
nhém chuc carbonate: dinh tir 1.418 dén 1.460
cm™ va dinh ¢ 874, 2.004 cm™. Sy hap thu CO,
trong khi quyén trong thoi gian thuc hién thi
nghiém 1a nguyén nhan din dén sy hinh thanh
ion carbonate [42].

Bang 1. So sanh phd hong ngoai cua hydroxyapatite hinh thanh & 600°C
trong khoang thoi gian khac nhau

Hydroxyapatite 1910 - 2 g = 4919
So séng (cm™)
v3 1094, 1034 1091, 1050 1090, 1035
PO vl 962 962 962
v4 633, 602, 571 633, 601, 569 634, 603, 569
v2 473 472 474
OH 3451, 3571 3447, 3572 3449, 3572
1418 — 1460 1416 — 1462 1418 — 1457
CO% 874 875 873
2004 2010 2004
C-H 2933 X X

Gidn do nhiéu xa tia X

Hinh 3 dén hinh 6 thé hién gian do nhiéu xa
tia X ctia cac mau, trong d6 hinh 3-5 trinh bay
két qua tirng pho cua cac mau & 600°C trong 3
khoang thoi gian khac nhau 1, 2, 4 gio va so
sénh véi gian d6 chuan cua hydroxyapatite tong
hop HAp Cayo(PO4)s(OH), (International Centre
for Diffraction Data ICDD 00-009-0432). Theo
do, khi so séanh gian d6 cua cac mau ¢ 600°C
trong cac khoang thoi gian khac nhau vai gian
d6 chuan cua HAp, mau canxi nay chi c6 mot
pha HAp véi cac dinh duge xac dinh rd rang,

(Coupled TwoTheta/Theta)

hoan toan tring khép véi gian dd chuan va cac
nghién ctru trude day [33, 43, 44].

Hinh 6 cho thiy dugc anh huéng cua thoi
gian ddi vai sy hinh thanh va phat trién cau tric
cua tinh thé HAp ¢ 600°C. Qua d6 cho thay,
mtc do tinh thé HAp trong 2 mau nung ¢ 2 va
4 gio cao hon trong mau 1 gio va ¢ khuynh
hudng ting dan khi ting thém thoi gian nung
xt Iy mau bot xuong thd ban dau; diéu nay thé
hién & cac dinh nhidu xa trong gian d6 XRD
ciia mau C2-600 c6 cudng do6 dinh manh hon
s0 véi mau C1-600 va thap hon C4-600.

(Coupled TwoTheta/Theta)

1109

XRD C1-600

|
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2Theta (Coupled TwoTheta/Theta) WL=1 54060

(b)

Hinh 3. a) Gian d6 nhiéu xa tia X cua mAu canxi & 600°C nung trong 1 gio; b) Gian d6 nhidu xa tia
X cua mau ¢ 600°C nung trong 1 h so sanh véi gian do chuan caa HAp Cayg(PO4)s(OH),
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(Coupled TwoTheta/Theta) (Coupled TwoTheta/Theta)
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Hinh 4. a) Gian d6 nhiéu xa tia X ctia mau canxi & 600°C nung trong 2 gio; b) Gian do nhiéu xa
tia X cua mau ¢ 600°C nung trong 2 h so sanh véi gian do chuan cuaa HAp Cayo(PO,)s(OH).
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Hinh 5. a) Gian d6 nhiéu xa tia X ciia mau canxi & 600°C nung trong 4 gid; b) Gian dé nhiéu xa
tia X cua mau ¢ 600°C nung trong 4 h so sanh véi gian do chuan cuaa HAp Cayo(PO.)s(OH).
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Hinh 6. So sanh céc gian db nhiéu xa tia X ciia c&c mau nung & 600°C trong 1, 2 va 4 gio
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Kich thwéc tinh thé dudi kinh hién vi dién tir
quét trong cac khodng thei gian khac nhau

Hinh 7 1a hinh anh kinh hién vi dién tir
quét cua HAp hinh thanh ¢ 600°C trong 1
gio. Hinh anh SEM ¢ céc vi tri khac nhau va
d6 phong dai khac nhau cho thiy céc hat tinh
thé hydroxyapatite HAp cé hinh dang cau
oval kha giéng nhau, phan bé véi kich thudc
twong ddi ddng déu (30-70 nm). Kich thudc
trung binh cua cac tinh thé 1a 49,71 + 21,15
nm (dya vao phan mém Imagel trén duong
kinh va chiéu dai tinh thé).

Hinh 8 va hinh 9 thé hién anh chup cua
cac mau HAp ¢ 600°C trong 2 va 4 gio véi cac
do phong dai khac nhau; & day quan sat thdy
c4c tinh thé canxi thé hién xu huéng két dinh

$-4800 10.0kV 7.9mm x80.0k SE(M)

500nm

$-4800 10.0kV 7.9mm x120k SE(M)

nhau va ¢ nhiéu hinh dang c6 cau tric hdn
don, cha yéu 1a hinh chix nhat va hinh que. Két
qua nay cho thiy thoi gian nung c6 anh hudng
rat Ion dén hinh dang va kich thuéc cua HAp.
Khi nung véi thoi gian 2 gio, cac hat nano
HAp c6 kich thudce trung binh 56,30 £ 17,17
nm. Khi nung lau hon nira (4 gio) thi cac hat
nano HAp thu duoc lai c6 su két dinh voi
nhau dan dén mau canxi c6 kich thuéc 16n hon
(64,33 £ 24,36 nm) va khong dong déu vé
kich thuéc.

Két qua nay ciing hoan toan twong dong Vi
két qua XRD thu dwoc cua cac mau & trén, thé
hién mirc d6 tinh thé ting theo thoi gian nung
dan dén kich thuéc hat canxi nano hinh thanh
[6n hon.

400nm

Hinh 7. Hinh anh chup bing kinh hién vi dién tir quét cia HAp & 600°C trong 1 gio ¢ cac do
phéng dai khac nhau: a) 7,9 mm x 40,0k; b)7,9 mm x 60,0Kk;
¢) 7,9 mm x 80,0k; d) 7,9 mm x 120k
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Hinh 8. Hinh anh chup bang kinh hién vi dién tir quét cua HAp & 600°C trong 2 gio & cac do phong
dai khéc nhau: a) 8,0 mm x 40,0k; b) 8,0 mm x 60,0k; c) 8,0 mm x 80,0 k; d) 8,0 mm x 120k

3.0mm x70.0k SE(M 500nm S OkV 8.0mm x100k SE(M 500nm

Hinh 9. Hinh anh chup bang kinh hién vi dién tir quét caa HAp & 600°C trong 4 gio & cac d6 phong
dai khac nhau: a) 8,0 mm x 40,0k; b) 8,0 mm x 60,0k; ¢) 8,0 mm x 70,0k; d) 8,0 mm x 100k
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Ham lwong c&c nguyén té

Bang 2 thé hién két qua ham lugng cac kim
loai nang As, Pb, Hg, Cd (mg/kg) va ham luong
nguyén t4 canxi va phospho (%) trong cac mau
HAp hinh thanh & 600°C trong 1, 2, 4 gio theo
phuong phap do phd phéat xa. Dua vao ham
lugng % rat ra dugc ti 1€ mol Ca/P cd trong
mau, & day, cac mau cd ti 1é mol Ca/P dao dong
tur 1,839-1,847 va gié tri mol nay cao hon ti 1€
mol Ca/P cua HAp va xuong nguoi (1,67). Két
qua nay la do su xuat hién cua céac ion carbonate
thay thé phosphate, cho thay su hién dién cua

hydroxyapatite loai B. Loai HAp nay la mét
dang cua apatite sinh hoc [45]. Cac t&c gia khac
cling d4 quan sat thay ty 1& Ca/P cao hon trong
HAp sinh hoc thu nhan tir xwong ca kiém
(Xiphia gladius), ca ngtr (Thunnus thynnus) [33]
va xuong bo [46]. Su thay thé cac ion carbonate
cho phosphate rat quan trong, vi HAp c6
carbonate cd thé gan két dé dang véi té bao song
va c6 kha nang hoa tan cao hon HAp cé chi s6
Ca/P 1,67 [47, 48]. Thém vao d6, su hién dién
ion carbonate cua HAp loai B trong xuong ca
chém da duoc xac nhan bai phé FTIR.

Bang 2. Ham lugng cac kim loai nang As, Pb, Hg, Cd (mg/kg) va ham lugng nguyén t6 canxi
va phospho (%) trong cac mau HAp hinh thanh & 600°C trong 1, 2, 4 gid

x Ham lugong 1A
Ml = (moke)  Pb(mgkg) Mg (moka) Cd(mgkg) Ca(h) P (%) | ¢ mol CalP
C1-600 0,16 0,08 kph kph 375 158 1,839
C2-600 0,18 0,20 kph kph 382 161 1,839
C4-600 0,17 0,27 kph kph 386 1672 1,847

Ghi cha: kph: Khoéng phét hién; Nguong phat hién ctia phuong phap cho Cd la 0,02 mg/kg; Ngudng phéat

hién ctia phuong phap cho Hg 1a 0,01 mg/kg.

Trong khi d6, cac chi s kim loai ning
trong cac mau nay hoan toan dap tng Quy
chuan Viét Nam vé giéi han 6 nhiém ham
lwong kim loai ning trong thuc pham bé sung
(QCVN 8-2/2011). Quy chuan nay quy dinh
muc gigi han an toan cho phép ddi véi cac kim
loai ngng 6 nhiém trong thuc pham ndi chung,
thuc pham b6 sung noi riéng va cac yéu cau
quan ly cd lién quan. Cu thé, khdng phat hién
dugc Cd va Hg trong ca ba mau (yéu cau Cd <
1 mg/kg va Hg < 0,1 mg/kg theo quy chuan);
ham luwong Pb & cac mau chi ti 0,08-0,27
mg/kg (yéu cau Pb < 3 mg/kg theo quy chuan).
Vé As, ham luong tir 0,16-0,18 mg/kg hi¢n
dién trong cac mau hoan toan nam trong gidi
han an toan nho hon 5 mg/kg (yéu cau doi voi
thuc pham chac ning Quyét dinh sé
46/2007/QD-BYT).

Két qua vé chi sé mol Ca/P va gia tri an
toan trong gigi han cua cac kim loai nang nhu
As, Pb, Hg, Cd cho phép bot nano HAp c6 thé
duoc sir dung nhu nguyén lidu dau vao trong
thyc pham b6 sung va thyc pham chirc ning.
San pham can c6 thém cac budc danh gia do an
toan thong qua doc tinh cdp va doc tinh ban
truong dién dé c6 thé tiép tuc dua ra quy trinh
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san xuat ung dung trong y hoc va thuc pham
chtrc nang.

KET LUAN

Nano hydroxyapatite di duoc chiét xuit
thanh céng tir xwong ca chém Lates calcarifer
thong qua phuong phap gia nhiét. Bot nano
HAp thu duoc hoan toan don pha khi nung &
600°C trong 1, 2 va 4 gio, kich thudc hat nho
nhét khi nung véi thoi gian it nhat 1 h (trung
binh 50 nm) va gia tang 1én 56-64 nm khi nung
lau hon. Hon nira, ti 1€ Ca/P dao dong tu
1,839-1,847 ching té bot canxi nay la
hydroxyapatite dang B sinh hoc. Thém vao do,
ham lwgng kim loai nang caa bét canxi hoan
toan trong gidi han cho phép ciia cac quy chuan
Viét Nam vé thuc phdm. D6 1a nhitng tinh chat
hoa ly tét dé wng dung san pham trong y hoc va
thuc pham.

Loi cam on: Ching t6i Xin cam on ong
Doan Van Than, phong Ky thuat nudi Bao tang,
Vién Hai duwong hoc da giup d& trong qué trinh
tién xtr ly phé pham xuong ca chém. Bai béo st
dung sb liéu cua dé tai ma sé DT-2019-40699-
PL1 do S¢ Khoa hoc va Cong nghé Khanh Hoa
cung céap kinh phi.
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