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Dgm ca phSn lap (Fish Protein Isolate - FPI) tir phu pham ca Tra Pangasius hypophthalmus 
CO nhimg tirih nang c6ng ngh? co the img dung vao cong ngh? che bien thuc phim nhu: kha 
nang hoa tan, tgo nhii, tgo bpt, tgo mang... Ben canh do, chung con co mpt hoat tinh sinh hpc 
quan tipng la calcium-binding. Dieu nay ma ra trien vpng trong viec san xuat cac san pham giup 
tang cudng hap thu can-xi cho con ngudi. Nghien cuu nay tgp trung t6i uu hda dieu ki?n thiiy 
phan protein tu phii ph§m ca Tra dl thu iihitn san phSm FPI cd hoat tinh calcium-binding cao 
nhdt. Trong qua ttinh thiiy phan su dyng enzyme proteaza (cd ten thuang mgi la Alcalaza 2.4L) 
d cac dieu kien thiiy phan khac nhau va toi uu hda bang phuang phap be mat dap ung. K6t qua 
cho thSy kha nang calcium-binding ciia FPI cao nhat dat 26,85 (mg Ca^Vg FPI) tai cac dieu ki?n 
thiiy phan la pH: 7,0; ti le enzyme/co chit (E/S): 0,15 % w/v; nhi?t dd thiiy phan: 55 "̂ C; thdi 
gian thiiy phan: 120 phut. Ket qua phan tich san phSm sau thiiy phan bSng kT thuat sJc ki Idng 
cao ap (HPLC) cho biet cac phan tu protein frong FPI cd khdi lupng phan tu nhd (< 3 kDa: 
82,88 %; tir 3-7 kDa: 17,12 %). 

Tvr khoa: Alcalaza 2.4L, FPI, calcium-binding, phu pham ca Tra, tang cudng h§p thu canxi. 

LMdDAU 

FPI chira cae protein cd khoi lupng phan tii nhd, co the gpi la pepton tii ca. FPI cd tinh nang 
cdng nghe va hoat tinh sinh hoc khac nhau tiiy thudc ngudn gdc va phuang phap cong nghe. Mot 
frong nhirng hogt tinh sinh hpc quan trpng ciia FPI la kha nang calcium-binding [1]. Mot sd 
nghien cihi da cho thdy protein frong FPI cd ngudn gdc tir surimi ca Du vang (Pseudoscianea 
crocea), ca Tuyet dai duong (Gadus morhua) sau khi lien ket vdi can-xi d dang ion, dugc bd 
sung vao thuc pham se tang cudng kha nang hap thu can-xi cua ngudi sii dung [2, 3]. Kha nang 
calcium-binding ciia FPI dugc quyet dinh bdi hai yeu td chinh: Cau tnic ciia cac phan tir protein 
(so lugng, thanh phan, trinh tu sap xep cac acid amin) va sir tuang tac giiia cac phan tii protein 
cd frong FPI [4, 5]. Peptide tiong FPI cd chieu dai khoang 7 den 30 goc axit amin thudng cd 
hoat tinh calcium-binding tdt nhat. Kha nang calcium-binding cua FPI tit surimi ca rd phi 
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(Oreochromis niloticus) tot ban nhieu so vdi dam sua phSn I§p (whey protein isolate -WPI) va 
tdt nhat khi FPI cd thanh phSn protem vdi khdi lugng phan tii tii 1 - 3 kDa chigm fren 75 % tdng 
protein cd tiong FPI [6]. 

Hi?n nay, ngudn phu phSm ca Tra tai cac nha may che bien thuy san thupc khu vyrc dong 
bang sdng Cim Long rat Idn (khoang han 1 tri?u tan/nam) nhung chu ySu dimg lam thiic an chan 
nudi [7]. Viec nghien cuu chS bien phu phSm ca Tra thanh nhihig san pham cd gia trj gia tang 
nhu dam ca phan lap cd kha nang calcium-binding se mang lai hieu qua kinh te cao cho nha san 
xuat. Bai bao nay tap tnmg vao ndi dun§ nghien ciiu thu nhan cae peptide cd kha nang calcium-
binding tir qua tndh thiiy phan phu pham ca Tra boi enzyme Alcalase 2.4L dS thu dugc san 
pham cd hoat tinh calcium-binding cao nhat. 

2. VjiT LIEU VA PHU*ONG PHAP NGHIEN CU*U 

2.1. V^t lieu 

Phu pham ca Tra gom cac phan dau xuong do cdng ty Co phan Thuy san Can Tha cung 
cap. Phu pham dugc bao quan lanh; van chuyen ve phdng thi nghiem; chia thanh cac phan nhd 
cho mdi lan thi nghiem va bao quan lanh ddng d -20 "C trong thdi gian tien hanh nghien cuu. 

Enzyme Alcalaze 2.4L ciia hang Novozyme dugc mua tir cong ty EAC. Enzyme Alcalaza 
2.4L dugc thu nhan bang phuang phap len men chim vi khuIn Bacillus lichenifbrmis. Thanh 
phSn enzyme chii y6u la Subtilisin A (Subtilisin carisbera), day la mdt endo-proteaza, hoat tinh 
la 2.4 don vi Anson/g; nhiet dp toi uu 55-70 "C (131-I58F), pH tdi uu 6,5-8,5 tiiy thudc vao 
kieu CO chat. 

2.2. Phuong phdp 

2.2.1. Thuy phan vdthu nhgn FPI tic phv pham cd Tra 

- Quy tiinh thuy phan phu phSm ca Tra: Phy phim ca Tra dem xay nhd (kich thudc tiarag 
binh 5 mm); bd sung nuoc (ti le 2 : 1); xii li nhiet (95 °C, 15 phiit); lam ngudi d8n nhipt do thich 
hgp; tiiuy phan protein bang enzyme alcalase 2,4 L (ti le E/S, pH, nhiet dp, thai gian khac nhau); 
Ipc tach dich va xac ca; bSt hoat enzyme (d 90 "C/IO pliiit). Dich thuy phan dugc lam lanh dSn 4 
C de tach md so bp; Ipc chan khdng qua giiy Ipc khong fro va li tam tach md d tdc dp 15000 

vdng/phut frong 20 phiit. Phin dich trong thu dugc sau li tam dugc siy thang hoa. Bpt protein 
isolate (cd ham lupng protein frong bpt dat tien 90 %) dugc dem di danh gia hoat tinh calcium-
binding va phan tich thanh phan khdi lupng. 

- Xac dinh muc do thiiy phan (Degree of Hydrolysis - D.H.) theo phuang phap pH-start [1]. 

- Xac dinh khdi lugrig phan tii va thanh phan khdi lugng cua protem ttong FPI sau thiiy 
phan bing phuang phap sic ki Idng cao ap - HPLC [8]. Day la phuong phap c6 uu the han so 
vdi di?n di vi cho phep xac djnh chinh xac khdi lugng phan tu: va thanh phin khdi lugng phan tii 
ctia cac protein ttong FPI. 

2.3. Tdi uu hda cdc yeu td trong qud trinh thity phan phu pham cd Tra 

Quy hoach thgc nghi$m: Phuang phap hh mgt dap img (Response Surface Method - RSM) 
[9] vdi phuang an quay bac 2 cd tam (canh tay ddn a = 2) dugc ap dung de tdi uu hda cac dieu 
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ki?n eiia qua trinh thiiy phan. Cac thdng sd cSn tdi uu gom cd: Ti le E/S, nhi?t dg, thdi gian thiiy 
phan, pH. 

2.3. Xdc dinh hogt tinh calcium-binding 

Hoat tinh calcium-binding dugc xac dinh theo phuang phap quang ph6 hip thu nguyen tii 
nggnliia-FAAS[10]. 

3. Kl&T QUA VA THAO L U . ^ 

3.1. Toi uu hda qua trinh thuy phan 

Khi toi uu hda cac yeu td thiiy phan den kha nang calcium-binding cua FPI, trudc dd dS 
tien hanh khao sat sa bd anh hudng rieng le ciia tiing yeu td: Ti 1? E/S, nhiet dp, thdi gian thiiy 
phan, dp pH din kha nang calcium-binding ciia FPI. K6t qua khao sat sa bd dugc sii dung lam 
nen tang cho viec xac dinh anh hudng tdng hgp cua cac yen td thiiy phan den hoat tinh calcium-
binding. 

Khi xky dung bai tdan tdi uu, dd pH (Xi), ti 1? E/S (X2, % v/w), nhiet dp thiiy phan (X3, °C) 
vk thdi gian thiiy phan (X4, phiit) dugc khao sat ddng thai nhim 2 muc dich: (1) Xay dung 
phuang ttinh hdi quy thyc n^i?m md ta mdi quan he giira cac y6u td anh hudng va hoat tinh 
calcium-binding ciia FPI tii phu pham ca Tra. (2) Tim ra dilu ki?n ciia qua frinh thuy phan dl 
hogt tinh calcium-binding dat cao nhat. Cac miic ciia yeu td ttong thi nghi?m tdi uu hda nhu 
Bangl. 

Bang 1. Cac miic ciia ylu tl ttong thi nghifim tli uu h6a. 

Yeu to thi nghiSm 

Do pH CX,) 

Ti 16 E/S (Xj, % v/w) 
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S6 thi nghiam dugc tinh tiieo cdng thiic: N = 2" + 2k + no = 2* + 2.4 + 6 = 30 (k: sd yeu to 
thi nghi?m (k = 4), UQ: sd thi nghi?m tai tam (no = 6). Phuang trinh hoi quy thyc n^iem la mpt 
da thiic bSc 2 cd dang: 

4 i A i. 

i = l ••=! f=i;=t+l 

ttong do: Y la ham muc tieu (hogt tinh calcium-binding), X, va X| la cac miic cQa bien dpc Igp 
(ylu to thi nghiem) dgi dien cho anh hudng ciia Xi; X2;X3; X4 len ham muc tieu Y. po la hang sd; 
pj,p,i, Pij la cac he sd cua phuang ttinh hdi quy. 
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D I xay dyng mo ta toan hgc dudi dang phuang trinh hoi quy, ein phai tien hanh xac dinh 
cac h? sd cua phuang trinh. Cac h? sd ciia phuang trinh hoi quy cd gii tri nhu sau: 

bo-24,90 b, = 0,37 b2=l,30 b3=0,I2 b4=I,01 

bi2 = 0,04 b,3 = 0,45 b,4 = 0,46 b23=I,3I b24 = -0,42 

b34 = -1,08 b,, = -0,87 b22 = -1,59 bjj = 0,47 b44 = -0,36 

Ket qua cho tiiay 2 he sd ba v^ b ^ khdng cd y nghTa tiiong ke (P > 0,05). Nhu vay, hf sd hs 
va bi2 bj logi khdi phuang trmh hdi quy. Phuang trinh hdi quy thuc nghiSm cd dgng sau: 

Y = 24,90 + 0,37X| + 1,30X2 + X4- 0,87Xi^ - 1,59 X;^ + 0,47 Xi^ - 0,36 X4̂  + 0,45X1X3 
+ 0,46X1X4+1,31X2X3-0,42X2X4- 1,08X3X4 

Ket qua kilm tia tinh tuang thich ciia phuang frinh hoi quy vdi thuc nghi?m cho thay cac 
ylu t l thi nghi?m cd anh hudng mgnh len hogt tinh calcium-binding (P < 0,05). Tiiih tuong thich 
cua phuang trinh hdi quy (lack of fit) dugc kilm tra vdi sy hd tig ciia phan mIm Modde 5.0. Kit 
qua kiem dinh "lack of fit" la khdng cd y nghTa thong ke (Lack of fit cd P = 0,228, nhu vay P > 
0,05) nen phuang trinh hdi quy cd sy tuong thich cao vdi thyc nghi?m. 

Sy anh hudng ciia cac yeu td thi nghiem len hoat tinh calcium-binding dugc thi hien tien 
bieu dd dudng ddng miic nhu tiong Hinh 1. 

Hinh 1. Be mjt dap img the hien anh hudng ciia cac ylu td thi nghifm len hogt tinh calcium-binding. 

Nhin chung, boat tinh calcium-binding tang dan cimg vdi sir gia tSng ciia yeu td thi nghiem 
den mpt gia fri tdi h ^ ; tuy nhien, sau dd hoat tinh nay giam xudng khi cac miic ylu td tSng qua 
miic tdi han nay. Chang han ttong hinh IB, till hien anh hudng ciia cap yeu td pH va ham lugng 
enzyme len hogt tinh calcium-binding. Ket qua chi ra hogt tinh calcium-binding tang xip xi 
27 % cimg vdi su gia tang cua ham lugng enzyme (den 0,15 % v/w), nhi?t do thiiy phan (din 54 
''C) va thai gian thuy phan 118 phiit. Hogt tinh calcium-binding giam khi qua trinh thuy phan 
dirge tien hanh d pH, ham lugng enzyme va nhi?t dg cao hon. Cac cgp yen td cdn lgi: hinh I- F 
the hipn sy anh hudng ciia nhiet dp va thdi gian thiiy phan len hogt tinh calcium-binding. Ci nhiet 
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dp thuy phan tir 50 den 56 °C, hoat tinh calcium-binding cd xu hudng tang gin 15 % (tir 18,73 
mg Ca /g FPI len 21,33 mg Ca"̂ /̂g FPI); tuy nhien, khi nhiet dp thiiy phan tilp tuc tang thi hoat 
tinh calcium-binding giam xudng. Quy luat tuang tu ciing dugc quan sat thay khi xet su anh 
hudng ddng thdi ciia ti le enzyme/ca chat va nhiet dp thiiy phan (Hinh IE), anh hudng ciia dg 
pH va thdi gian thuy phan tdi hoat tinh calcium-binding (Hinh II). 

Ket qua tdi uu hda cho thiy, khi td hgp ca 4 yeu td thi nghiem, hoat tinh calcium-binding 
cua FPI cao nhit la 26,85 (mg Ca^Vg FPI) vdi dilu kien thiiy phan nhu sau: pH la 7,0; ti 1? 
enzyme/co chit la 0,15 % w/v, nhiet dp thiiy phan la 55 "C, thdi gian thiiy phan la 120 phiit. 

Ket qua nghien ciiu d fren phii hgp vdi cac ket qua nghien ciiu da cdng bo trudc do ciia 
Fabienne Guerard, Fereidoon Shahidi, Rozerm Ravallec ve kha nang calcium-binding ciia FPI tir 
ca Tropical tuna, ca Salmon, cd Mallotus villosus. Ci ca Tropical tuna thi kha nang calcium-
binding la 24,38 (mg Ca^^/g FPI) vdi cac dilu ki?n thiiy phan: pH la 7,5; ti I? E/S la 0,12 % w/v, 
nhiet dp 60 "C, thdi gian 110 phut. Trong khi do d ca Mallotus villosus thi kha nang calcium-
binding la 23,92 (mg Ca^Vg FPI) ttong dilu kien thuy phan: nhiet dp 58 "C, pH la 7,0, ti le E/S 
la 0,18 % w/v [11, 12, 13]. Kit qua nghien cihitien ciing tuong ddng vdi kit qua nghien ciiu ciia 
Hordur G. Kristinson ve kha nang calcium-binding tren FPI cd ngudn gdc tir phy phim ca Salmo 
salar: FPI cd kha nang calcium-binding cao nhit (25,30 mg Cd"̂ Vg FPI) vdi cac dilu kien thiiy 
phan pH la 7,0; ti le E/S la 0,17 % w/v; thdi gian thuy phan 120 phiit [14]. 

3.2. Ket qua phan tich khoi lugng phan tir cua cac protein trong FPI 

Ket qua phSn tich thanh phan khdi lugng phan tii ciia cac protein trong FPI thu dugc tir phu 
pham ca Tra d cac dieu kien thiiy phan sau khi tdi uu hda de cd hoat tinh calcium-binding ciia 
FPI cao nhit la 26,85 (mg Ca'̂ Vg FPI) dugc thi hien tiong Bang 2 va Hinh 2. 

Bdng 2. Kit qua phSn 
tich ti 1̂  th^h phin khoi 
lugng phan tii ciia FPI. 
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Hinh 2. Ket qua phan tich HPLC xac djnh thanh phan khoi lugng cua cac 
phan tli polypeptide trong FPI. 

Dua vao ket qua Bang 2 cho thiy d cac dieu kien tdi uu, nhat la thdi gian thuy phan toi uu 
tuong doi dai (120 phiit), cac mach protein trong phu phim ca Tra da bj phan cat bdi enzyme dl 
tgo ra cac peptide cd khdi lugng phan tu nhd (82,88 % peptide cd khoi lugng phan tii nhd hem 3 
kDa) va peptide cd khdi lugng phan hi vita (17,12 % peptide cd khdi lupng phan tir tir 3 din 7 
kDa). Cac polypeptide cd khdi lugng phan tu vua va nhd se quyet dinh den kha nang calcium-

655 
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binding ciia FPI. K6t qua nay tucmg ddng vod ket qua nghien ciru ciia Jung, Rozenn Ravallec-
ple, M.B.K Foh. Trong do, cac tac gia khing djnh kha nang calcium-binding ciia FPI thii nhan tu 
ph6 ph4m ca Johnius belengerii va ca Oreochromis niloticus cao nhit khi cac phan tii protein 
trong FPI CO kh6i luong phan tu tit 1 kDa den 8 kDa a thoi gian thiiy phan tir 120+130 phiit [2, 
14, 15]. 

4. KET LUAN 

Dam ca phan lap (Fish Protein Isolate) thu nhan tit phu phim chS bite ca Tra (Pangasius 
hypophthalmus) thong qua qua trinh thuy phan bing Alcalase 2.4L co hojt tinh calcium-binding 
cao. Hoat tinh calcium-binding cila FPI nay dat cao nhjt la 26,85 mg Ca* /g FPI; tuong ling vol 
dieu ki|n tai uu ciia qua trinh thiiy phan ahu sau: pH 14 7,0; ham luong enzyme/co chat la 0,15 
% w/v; nhi?t dp thiiy phan la 55 °C; thai gian thuy phan la 120 phiit. 

Thanh phin cac phan til protein trong FPI c6 khoi lu(?ng phan tii nho (< 3 kDa: 82,88 %; tit 
3 -7 kDa: 17,12%). 
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ABSTRACT 

CALCIUM BINDING PROPERTIES OF FISH PROTEIN ISOLATE FROM BY-PRODUCTS 
OF PANGASIUS HYPOPHTHALMUS 

Cao XuanThuy'-', Tran Bich Lam^ 

'Faculty of Food Technology, HCM City University of Food Industry 

HCM City University of Technology 

Fish protein isolate (FPI) from Pangasius hypophthalmus by-products has many beneficial 
technological features that can be applied in food industry. Besides, it can bind calcium. This 
ability is regarded as one of its outstanding biological characteristics. This opens up prospects 
for the production of FPI to enhance calcium absorption. This study focuses on the optimization 
of the proteolytic conditions of the by-products of Pangasius hypophthalmus to obtain FPI with 
the highest calcium binding capacity. The enzymatic hydrolysis was performed using 
endoprotease (Alcalaza 2.4L) at different hydrolysis conditions. Optimization was done by 
response surface method. Results showed that the highest calcium binding capacity of 26.85 (mg 
Ca*Vg FPI) was obtained under the following hydrolysis conditions: pH 7.0; enzyme/substiate 
ratio (E/S) 0.15 % w/v; hydrolysis temperature 55 "C; hydrolysis time 120 minutes. Molecular 
weight analysis by HPLC shows tiiat 82.88 % FPI protein molecules are smaller than 3 kDa and 
17.12 % are from 3 to 7 kDa. 

Keywords: alcalase 2.4L, fish protein isolate, calcium binding, Pangasius hypophthalmus 
by-products, calcium absorption stiengthening. 
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