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In this study, hydroxyapatite (HAp) was successfully extracted from tilapia
bones (Oreochromis niloticus). X-ray diffraction (XRD) analysis revealed
characteristic peaks corresponding to HAp, indicating high phase purity.

Fourier transform infrared spectroscopy (FTIR) confirmed the presence of
phosphate (PO.*), hydroxyl (OH), and carbonate (COs*) groups. A
notable reduction in absorption bands related to organic matter and
carbonate groups was observed following calcination at 700 °C for 3 hours.
Energy-dispersive X-ray spectroscopy (EDX) identified calcium (Ca),
phosphorus (P), oxygen (O), and carbon (C), with a Ca/P molar ratio of
approximately 1.80, which is indicative of type B HAp. Scanning electron
microscope (SEM) images show that the sample after calcination has a
porous structure and agglomerated particles. Furthermore, potentiometric
titration determined the calcium content to be 36.24%. These findings
demonstrate that tilapia bone is an inexpensive, eco-friendly, and viable
raw material for the production of hydroxyapatite, with potential
applications in biomedical and nutraceutical fields.
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nghiém trong hodc do nguyén nhan bénh ly, cac ché
phdm hodc thudc chia calcium carbonate, calcium
chloride, calcium gluconate, calcium glycerophosphate,
calcium citrate, hydroxyapatite thudng dugc sif dung
[3]. Trong do, hydroxyapatite (ki hiéu la HAp) dugc
danh gia cao trong [inh vuc y sinh do kha ndng tucng
thich sinh hoc, d6 bén héa hoc cao, cé thé gidi phdng
ion calcium va phosphate theo nhu céu co thé, gitp
tang hiéu qua trong viéc bé sung khoang chét va phuc

Gidi thiéu chung

Calcium (Ca) la mdét nguyén t6 khoang thiét yéu déi
véi sy phét trién va duy tri stic khoe con ngudi [1,2].
Trong co thé, calcium ton tai chd yéu dudi dang
khoang chét hydroxyapatite (Caio(PO4)s(OH)z) c& mat
trong xuong va rang. Mot phan nho calcium tham gia
Vao cac qua trinh chuyén héa nhu co co, dan truyén
xung than kinh, van chuyén ion qua mang té bao, hoat

hoa enzyme va diéu hoa ndi tiét té.

Trén thuc té, calcium dugc hap thu tU cac ngudn thuc
phém théng qua ché dé an udng, cach thic nay an
toan, dé thuc hién va it gay tac dung phu [2]. Bén canh
do, trong nhiing trudng hop co thé thiéu hut calcium

https://doi.org/10.62239/jca.2025.051

hoi mé xuong bi t6n thuong [4].

Cho dén nay, cac phuong phap phé bién dugc st
dung dé téng hop HAp bao gém két tia, sol-gel, thiy
nhiét va chiét xuét tUr ngudn tu nhién [5,6]. Trong do,
chiét xuadt HAp tU xuong cua cac loai ca& nhan dudc
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quan tdm I6n vi ngudn nguyén liéu doéi dao tUr nganh
thly hai sdn va chi phi chiét xuét thap [7]. Tai Viét
Nam, da c6 mét s6 nghién clu chiét xudt HAp ca dugc
thuc hién, st dung xuang tur cac loai nhu ca ma [6], ca
tra [8], ca ngu [9], c& chém [10], ca rb6 phi [11]. Tuy
nhién, theo tim hiéu ctia chung téi, hau hét cac nghién
ctu van dang diing & quy mo phong thi nghiém.

Tai Viét Nam, ca r6 phi (Oreochromis niloticus) da dugc
dua vao quy hoach phét trién nudi t ndm 2016 [12], va
xac dinh la mét trong nhitng déi tugng nudi chu luc
trong chuadng trinh Quéc gia phat trién nudi trong thiy
san giai doan 2021-2030 [13]. Do vay, viéc tién hanh
thuc hién nghién clu chiét xudt HAp tUr ngudn phu
phdm xucng ca rd phi khéng chi gbp phan nang cao
gié tri st dung, gidm thiéu 1ang phi ma con thic déy
mo hinh kinh t€ tuédn hoan trong nganh thuy san.
Trong nghién ctu nay, HAp dugc chiét xuat tU xuong
cé r6 phi thdng qua quy trinh hai budc gém xar ly kiém
va nung U & nhiét do cao. Két qud thu dugc tu cac
phép do la ca s& cho nhing nghién cu tiép theo vé
Uing dung HAp trong linh vuc y sinh va thuc phadm bé
sung calcium.

Thyc nghiém va phuong phap nghién ciu
Héa chdt

Céc hoéd chét géc dung trong nghién cldu gom:
Sodium hydroxide (dung dich chuédn NaOH 1,0 N,
Merck - Buc); nitric acid (HNOs 68%, Xilong - Trung
Quée); disodium  ethylenediaminetetraacetate (dung
dich chudn Na:EDTA 0,01 M, Merck - Blc); amoniac
(NH4sOH 25-28%, Xilong - Trung Qudc); ammonium
chloride (NH4Cl 99,5%, Xilong - Trung Quéo).

Chiét xudt HAp

Quy trinh chiét xudt HAp tU xuang ca ré phi dugc thuc
hién nhu trong Hinh 1, trén cg s& ap dung quy trinh hai
budc gém xUr ly kiém va nung U & nhiét dé cao [5,8,14].
Céc thong s6 thuc nghiém dudc lya chon dua trén két
qué khdo sét so bd nham thu dugc HAp cé do tinh
khiét cao. Dau tién, ca ré phi séng dugc phi 1é dé thu
I8y phan xuong con 1an mé mém (Hinh 1a). Phan xuong
nay sau dé dugc ham trong ndi ap sudt & nhiét do cao
trong 30 phdt nham lam mém mé va hd trg tach bo
phan thit con sét lai (Hinh 1b). Sau qué trinh ham,
xudng dudc rlia sach réi cho vao cdc chira dung dich
NaOH 0,1 M, dun s6i trén bép dién trong khoang 20
phit, sau dé gan bd phan dung dich. Qua trinh x( ly
kiem dugc 18p lai nhiéu 1&n cho dén khi dung dich gan
tr nén trong sudt. Tiép theo, mau dugc loc va ria
bang nudc cat dén khi dich loc c6 pH trung tinh, thu

dugc phan chéat rén mau tréng (Hinh 1¢). Lam kho chéat
ran bang t0 sdy & 100°C trong 2 gid thu mau bot
“Khéng nung” (Hinh 1d). M6t phan clia mau nay tiép
tuc dugc nung U & nhiét d6 700°C trong 3 gid, vdi téc
d6 gia nhiét 10°C/phut (Hinh 1e) dé tinh thé hda céu
tric thu dugc bét HAp thu mau bt “Nung 700°C/3
gig" cd mau xédm (Hinh 1f).

(b)- Ham, tich bo it va md rmégm
thu mau «uong

(@) Phiié ca 16 phi (18 kg)
thu xuong 1an md mém

(d)- S8y knd thu mdu "Khdng nung”  {e)- XU Iy bang NaOH, loc thu crdt ran

— . e ]
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{e}- Nung, tinh thé héa cdu tric (f- Mau “Nung 700°C/3 gi¢”
Hinh 1: Quy trinh chiét xudt HAp tU xuong ca ro phi

Xdc dinh ddc trung cdu trdc va thanh phdn

Hai mau trudc va sau khi nung U dugc tién hanh phan
tich dac trung vé cdu trdc va tinh chat. Cau tric tinh
thé dugc xac dinh bang phuong phap nhiéu xa tia X
(XRD), st dung thiét bi Bruker D8 Advance (Blc) vai
blc xa Cu-Ka A = 15406 A. Ph§ hong ngoai bién ddi
Fourier (FTIR) dugc do bang may FTIR Nexus
Spectrometer dé xac dinh cac nhom chic dac trung
trong cau trdc. Thanh phéan, ham lugng va phan bé
nguyén té trong mau dugc phén tich bang phé tan séc
nang luong tia X (EDX), st dung kinh hién vi dé ban
Hitachi TM4000/TM4000Plus (Nhat Ban) tich hgp dau
do EDX. Kinh hién vi dién tir quét phan giai cao (SEM)
dugc st dung dé quan sat hinh thai mau vét liéu, thuc
hién trén thiét bi SEM S-4800 (Nhat Ban).

Xdc dinh ham luong Ca bding phép chudn dé dién thé

Can chinh xac 200,1 mg mau da dugc nung & 700 °C
trong 3 gi& cho vao binh dinh mdc 100 mL, thém tiép 3
mL dung dich HNO3 2 M dé hoa tan hoan toan mau.
Thém nudc cét, dinh mic dén vach va lac déu dé thu
dugc dung dich phan tich. Xac dinh ham luong Ca
https://doi.org/10.62239/jca.2025.051
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duagc thuc hién bang phuong phéap chuén dé dién thé
st dung may Titrino 848 Plus (Metrohm, Thuy Si) két
néi v&i dién cuc chon loc ion Ca** (m&: 6.0502.150) va
dién cuc so sanh Ag/AgCl (ma: 6.0726.100). Dung dich
chuén la Na;EDTA 0,02 M. Tién hanh chuén do, 1dy 10
mL dung dich mau, thém 10 mL dung dich dém
NH4CI/NH; (pH = 10) vao cbc chudn dé dé tao moi
trudng t&i uu cho phan Uing tao phic. Hai dién cuc va
burette sau d6 dugc nhing vao dung dich. Qua trinh
chuén doé dudc tién hanh tu déng, theo doi su thay déi
dién thé (mV) theo thé tich dung dich chudn NaEDTA
dudc thém vao. Thé tich Na,EDTA ng vdi diém tuong
duong dudc xac dinh tu déng. Thuc hién chudn do l1&p
lai 6 [an va tinh gia tri thé tich trung binh (Vy, ora )-

Ham lugng Ca trong mau dugc tinh theo céng thic:

0,02V, 40,078
No,EDTA 190 4609% )
200,1 10

%Ca =

Két qua va thao luan

K&t qua tir gian do nhiéu xa tia X & Hinh 2 cho théy ca 2
mau xuong ca rd phi trudc va sau khi nung déu xuét
hién cac dinh nhiéu xa tai cac vi trf 20 ~ 25,8% 29,0°;
32,0° 33,1° 39,9° 46,8° va 49,5°, tucng Ung vd&i cac
mat tinh thé (002), (120), (121), (300), (130), (222) va
(213), phu hop véi dit liéu chudn clia HAp (ICDD 01-
080-6199). Trong d6, mau nung U ¢ dod réng céc chan
peak nhiéu xa nhd han va dinh nhiéu xa ing véi ho mat
phang (300) r& nét hon. Ngoai ra, khdng quan st thay
su hién dién 16 rang cta cac dinh nhiéu xa dac trung
cho céu tric tinh thé clia CaO hay Cas(PO4). (B-TCP),
cho thay qua trinh chiét xuét va x(r ly nhiét da tao ra vat
liéu HAp vd&i dé tinh khiét tuong déi cao.

Hinh 3 1a két qua phép do phd FTIR, cé thé thédy ca hai
mau déu cé cac dai hdp thu dic trung cho ciu tric
hydroxyapatite (HAp). Cac van tai khoang 570, 600 va
1030 cm™ tuong Uing véi dao déng udn va dao déng
kéo gidn cla nhom phosphate (PO4Y), 1a nhém dac
trung trong mang tinh thé ctia HAp [11). Cac van tai
1420, 1460 va 870 cm™ gén cho dao déng cla nhom
carbonate (COs%) [15]. Sau khi nung, do hap thu cac dai
nay giam dang ké do su phan hiy nhém carbonate &
nhiét d6 cao. Van tu & khoang 3440 cm™ va van tai
1650 cm™ dugc gan cho dao déng ctia nhém hydroxyl
(OH") va nudc hép phu (H20) [16]. Sau khi nung u, do
hap thu clia cac van nay gidm, phu hgp vai qué bay hai
clia nudc va mat nhom OH™ trén bé mat vat liéu. Bang
chu'y, van tai 2850 va 2930 cm™ dac trung cho lién két
C-H xuét hién r& & mau khéng nung nhung gan nhu
bién mét sau nung, thé hién cac chat hitu co nhu
https://doi.org/10.62239/jca.2025.051
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collagen, lipid da bi phan hly va/hoac bay hai dugi tac
dung clia nhiét [17]. Nhu vay qua trinh nung U tai 700°C
trong 3 gid da lam tdng muc do két tinh ciia HAp va
gop phan loai bd cac thanh phén khéng mong mudén
nhu nudc, nhém OH', COs* va tap chat hitu co.

(121

(a)- Nung 700°C/3gis

- — (b)- Khdng nung

B = HAp (ICDD 01-080-6199)

Cudng dé tuang ddi (a.u.)

300)
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(222)
273
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SRR FR TR A
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26 (do)

Hinh 2: Gian d& XRD clia khdng nung (a) va nung
700°C/3 gi¢s (b), d6i chiéu véi thé chudn clia HAp.
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w
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Hinh 3: Phé FTIR clia mau khéng nung (a) va nung
700°C/3 gids (b).
Hinh 4 1a anh hinh thai bé mat cla hai mau vat liéu
trudic va sau khi nung & 700°C trong 3 gi&s. Mau khong
nung co cau tric I8p xép chdng (Hinh 4a), phan bé kich
c& khéng dong déu (Hinh 4b), ¢ thé do anh hudng
clia su cd mat cua colagen va chét hitu ¢g trong mau.
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Sau khi nung, hinh thai bé mat thay déi ré rét, céu tric
x6p, cac hat tuong déi dong déu nhung két tu lai (Hinh
4c, 4d). Nhin chung, qué trinh nung gitp 6n dinh cdu
tric va tang chét lugng tinh thé HAp. Su thay déi hinh
thai nay cd thé ho trg cai thién kha nang gidi phdng va
hap thu calcium, phu hgp vd&i muc tiéu Ung dung HAp
lam trong thuc phédm bé sung calcium.

(a) ? ®) }

IMS-NKL 5.0V 6.4mm x100k SE(M)

Hinh 4: Anh SEM clia mau khong nung (a, b) va nung
700°C/3 gid (c, d).

Thanh phan nguyén t§ clia hai mau khéng nung va
nung & 700°C trong 3 gid xac dinh bang phé EDX
duagc thé hién & Hinh 5.

— (b)- Nung 700°C/3 gi&

Ca Nguyén | Khéi Nguyén
5 lugng, % |t %

15 P t6
10 Ca 39,77 2317
o [©) 40,60 59,14
5 P 17,17 12,91
c J\ Ca C 246 4,78
0

T
20 H (a)- Khéng nung

Cps/eV

Nguyén Khéi Nguyén
6 lugng, % |t %
Ca 34,92 18,76

o 42,87 57,58
P 14,70 10,19
C 7,52 13,47

T T T T T
5 6 7 8 9 10

Hinh 5: Phd EDX ciia mau khéng nung (a), nung
700°C/3 gid (b) va anh SEM-Mapping mau nung
700°C/3 gios.

Ty 1& nguyén tir Ca/P clia mau khéng nung 1a 1,84 va
giam xuéng 1,80 sau khi nung, hai gia tri nay déu cao
hon ty 1& ly tudng 1,67 clla HAp chuén va trong xuong
ngudi. Biéu nay maét phéan la do sy ton tai cla ion
CO5? thay thé mét phan vi trf PO4> trong cau tric tinh
thé tao thanh HAp loai B. Ham luong nguyén tir C
gidm tU 13,47% & mau khéng nung xudng 4,78% &
mau nung 700°C/3 gi¢ la do su phan hiy nhém COs*
va cac thanh phan hitu cd trong qué trinh nung. Bén
canh do, anh SEM-Mapping clia mau nung & 700°C/3
gig cling cho thdy su hién dién dong déu cla cac
nguyén t& Ca, P va O va nguyén t6 C ¢ ngudn goc tU
nhém COs*". Nhin chung, két qua tif phd EDX va anh
SEM-Mapping phu hop vdi két qua tir phd FTIR va
tuong dong vdi mét s6 nghién cliu vé HAp sinh hoc
chiét xuat ti xuong ca [18,19].

Ham lugng Ca trong mau nung & 700 °C trong 3 gi&
duagc xac dinh bang phuong phap chuén dé dién thé
(Hinh 6). Mau vat liéu tan hoan toan trong HNO; cho
thay su gidi phong tét Ca®* trong moi trudng acid. Thé
tich dung dich chuén NaEDTA 0,02 M can dé phan
Ung vdi vira du vai Ca®* trung binh sau 6 lan do 1a
9,0468 mL, tuong Ung v&i ham lugng Ca trong mau
tinh theo cong thic (1) 1a 36,24%. Gia tri nay thdp han
so Vi két qua thu dugc ti phé EDX, nhung lai khé gan
vGi ham lugng ly thuyét clia hydroxyapatite (khoang
39,9%). Su sai khéc gitta hai phuong phép c6 thé mét
phan do dé chinh xac kém clia phép do phS EDX khi
phan tich cac nguyén t6 nhe nhu C va O.

™ (b) —=—(3n1
—e—Lin2
——Lan3
—¥—Llan4
—+—Lan5
—<+—Lan6

U (mv)

-804 Viungbin = 90468 mL <---

L CE)

T
. 60 65 70 75 80 85 90 95 100 105 N0

Thé tich Na,EDTA (mL)

Hinh 6: May chudn do6 dién thé Titrino 848 plus (a) va
duding cong chudn dé xéc dinh ham lugng Ca** trong
mau nung 700°C/3 gi& bang dung dich chuan
NaEDTA (b).

Két luan

HAp da dugc chiét xuét thanh cong tir xuong cé rd phi
(Oreochromis niloticus) thbng qua cac budc lam sach,
xUr ly kiem va nung nhiét. Két qua phép do dac trung
cdu trdc, thanh phén xac nhan sau qué trinh x ly &
nhiét dé cao vét liéu thu dugc co cau tric HAp loai B
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vGi sy thay thé mét phan nhom PO bdi COs™, ty 1é
nguyén tif Ca/P 13 1,80. Anh SEM cho théy vat liéu c6
cdu trdc x6p dac trung clia HAp c¢b ngudn gbée sinh
hoc, véi su thay d6i hinh théi rd rét sau khi nung u.
Ngoai ra, két qua hoa tan bang HNO;s va phép chuédn
do dién thé cho thay kha nang giai phong ion Ca®* clia
HAp trong méi trudng acid va ham lugng Ca®* gan vdi
gia tri ly thuyét.

Phan xac dinh ham lugng ion kim loai nédng (As, Pb,
Hg....), cng vd&i danh gia an toan sinh hoc cua vat liéu
HAp da chiét xuat, bao gém doc tinh té bao va kha
nang tuang thich sinh hoc sé dugc tién hanh trong cac
nghién cu tiép theo nham lam ré hon kha nang Ung
dung trong san xuét thuc pham bé sung calcium.
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BGH, 10/06/2025.

Tai liéu tham khao

1. J. Shlisky, R. Mandlik, S. Askari, S. Abrams, J. M. Belizan,
M. W. Bourassa, G. Cormick, A. Driller-Colangelo, F.
Gomes, A. Khadilkar, Ann. N.'Y. Acad. Sci., 1512 (2022) 10—
28. https://doi.org/10.1111/nyas. 14758

2. K. C. Flowers, K. E. Shipman, A. R. Shipman, N. J. Gittoes,
J. Lab. Precis. Med,, 9 (2024) 1-18.
https://doi.org/10.21037/jlpm-24-6

3. D. A Straub, Nutr. Clin. Pract, 22 (2007) 286-296.
https://doi.org/10.1177/0115426507022003286

4. L. C. Palmer, C. J. Newcomb, S. R. Kaltz, E. D. Spoerke, S.
l. Stupp, Chem. Rev, 108 (2008) 4754-4783.
https://doi.org/10.1021/cr8004422

5. S. Sathiyavimal, S. Vasantharaj, F. LewisOscar, R. Selvaraj, K.
Brindhadevi, A. Pugazhendhi, Prog. Org. Coat, 147 (2020)
105858. https://doi.org/10.1016/j.porgcoat.2020.105858

https://doi.org/10.62239/jca.2025.051
138

10.

1.

2.

13.
14.

15.

16.

7.

18.

19.

P. V. Nam, N. Van Hoa, T. S. Trung, Ceram. Int, 45 (2019)
20141-20147. https://doi.org/10.1016/j.ceramint.2019.06.280

Z. Seikh, B. De, D. Ghosh, S. Saha, S. Bera, G. Mandal, A.
Sinha, J. Inst. Eng. India Ser. D, (2024) 1-9.
https://doi.org/10.1007/540033-024-00778-6

H. Q. Phong, N. V. Nh3, P. B. Khdi, Y. Takagi, T. M. Phu,
H. L. Huang, L. T. M. Thay, N. T. B. Thuyén, Can Tho Univ.
J. Sci,, 56 (2020) 199-211.
https://doi.org/10.22144/ctu.jsi.2020.056

N. Tri, N. T. M. Phuong, N. T. T. Van, N. P. Anh, D. H. T.
Linh, N. T. H. No, P. H. Phuong, B. V. H. Thién, H. K. P.
Ha, Can Tho Univ. J. Sci, 57 (2021) 9-17.
https://doi.org/10.22144/ctu jvn.2021.109

L. H. K. Hy, D. V. Ha, P. X. Ky, N. P. Anh, P. B. Vy, D. T.
Thiet, Am. J. Chem. Biochem. Eng. 5 (2021) 32-40.
https://doi.org/10.11648/j.ajcbe.20210501.15

N. T. Chinh, V. Q. Manh, V. Q. Trung, T. D. M. Trang, T.
Hoang, Vietnam J. Chem, 57 (2019) 225-228.
https://doi.org/10.1002/vjch.201900021

B& Nong nghiép va Phat trién Néng thén, Quyét dinh s6
1639/QB-BNN-TCTS (2016).

Chinh pht, Quyét dinh s& 985/QD-TTg (2022).

L. H. K Hy, D. V. Ha, P. X. Ky, N. P. Anh, B. T. Thiét, P. B.
Vy, J. Mar. Sci. Technol, 20 (2020) 173-186.
https://doi.org/10.15625/1859-3097/15659

S. K. Dermawan, Z. M. M. Ismail, M. Z. Jaffri, H. Z.
Abdullah, J. Phys.: Conf. Ser, 2169 (2022) 012034.
https://doi.org/10.1088/1742-6596/2169/1/012034

A. Espinosa-Duque, M. Palencia, M. A. Mora, J. Sci.
Technol. Appl,, 21 (2024) -6.
https://doi.org/10.34294/} jsta.26.21.122

A. Fara, G. Pragash, H. Z. Abdullah, Adv. Mater. Res, 1125 (2015)
474-478. https;//doi.org/10.4028/www scientificnet/AMR.T125.474
A. Fara, H. Abdullah, AIP Conf. Proc., 1669 (2015) 012034.
https://doi.org/10.1063/1.4919215

M. S. F. Hussin, H. Z. Abdullah, M. . Idris, M. A. A. Wahap,
Heliyon, 8 (2022) e10356.
https://doi.org/10.1016/j.heliyon.2022.e10356





