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Nghién clru str dung enzyme phytaza tir Bacillus subtilis
dé chuyén hoa phytate trong sita ngi coc thanh dang phot phat
va kim loai dé hép thu
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Tém tat: Phytate 1a dang du trit phdt pho chul yéu cuia nhiéu loai ngii cbc, dong thoi ciing 13 mot
chit khang dinh dudng trong thyc pham va thirc dn chin nuéi. Pic tinh khang dinh dudng nay thé
hién théng qua kha ning lién két tao phirc ciia phytate voi nhiéu ion kim loai (Fe*" zn®*, Cu®,
Mn?*, Ca®*, Mg?") trong diéu kién trung tinh va kiém, ciing nhu vé6i céc protein va tinh bot trong
diéu kién axit. Trong bdo cdo nay enzyme phytaza kiém BacP c6 ngudn gbc tir Bacillus subtilis
dugc sir dung dé loai bo phytate trong sita ngii cdc (cong thirc: 60g dau nanh + 40g ké + 20g yén
mach/lit sua) B6 sung BacP véi lidu lwong 40 TU/1 & 65°C trong 30 phit dbi voi sita thanh tring
Va 60 phut ddi voi sita khu trung da xuc tac giai phong 20 - 30% luong phét phat vo co tir phytate
vbn ¢6 trong sita ngii coe. Xir 1 phytate bang enzyme phytaza BacP khong chi 1am tang gdc phdt
phat trong dich sira ma con cai thién ham luong cac khoang chét thiét yéu (Ca, Fe, Zn) hoa tan
trong sira ngii cdc. Két qua nghién ctru cho thdy enzyme phytaza BacP c6 tiém ning tmg dung cao
trong viéc loai bo tinh khang dinh dudng cua phytate trong sita ngii cdc, chuyén hoa phytate thanh
dang phdt phat va cac khoang chit d& héap thu.

Tir khéa: Phytate, enzyme phytaza BacP, sita ngii cdc.

1. Pit van dé

Ngii cdc 1a ngudn cung cip ning luong
chinh yéu trong mdi bita an cia chung ta.
Chung bao gém: lta gao, lua my, ngd, ké, lta
mach, cao luong va cac loai dau. Ngii cdc chira
mot luwgng 16n chét xo0, ham lugng chét béo thép
(2 — 5%), ham lugng carbonhydrate cao (65 —
75%), giau vitamin nhom B va chira day du cac
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khoang vi lugng quan trong (Fe, Zn, Mg,
Ca,...) v6i ham lugng tuong doi cao.

Axit  phytic (myo-inositol 1,2,3,4,5,6
hexakis dihydrogen phosphate) la dang du trir
phot pho chinh va chiém 75 — 85 % tong sO
phét pho du trir trong cac loai hat ngii coc va
cac loai dau [1]. Dang mudi cua axit phytic lién
két chit ch& voi cac nguyén t6 khoang nhu: Ca,
Mg, Fe va Zn,... hodc cac axit amin, cic protein
goi la phytate hay phytin [2]. Kha niang hinh
thanh lién két manh mé& cua axit phytic voi cac
yéu té dinh dudng 1a nguyén nhan giy trc ché
qua trinh tiéu hoa, lam giam kha nang hap thy
cac cht khoang va protein cua co thé ngudi va
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dong vat [3]. Loai bo axit phytic trong ngii coc
va dac biét trong sira ngi cde 1a viéc lam can
thiét nham nang cao gia tri dinh dudng cua loai
san phim nay.

Phytaza (myo-inositol hexakisphosphate
phosphohydrolase) 14 enzyme xuc tdc phan ting
thiy phan myo-inositol hexakisphosphate (axit
phytic) thanh nhiing gdc phosphate vo co va
cac dan xuat don gian hon cua myo-inositol
phosphate [4]. Hién nay, enzyme nay dugc su
dung chii yéu trong thirc an chin nubi, co rat it
cac cong trinh nghién ciru vé ung dung cia
phytaza vao thuc pham [5], do vay, ching toi
tién hanh nghién ciu dé tai: “Nghién ctru sir
dung enzyme phytaza tir Bacillus subtilis dé
chuyén héa phytate trong sita ngii cc thanh
dang phét phat va kim loai d& hap thu”.

2. Vit liéu va phwong phap nghién ciru
2.1. Vit liéu

Enzyme phytaza BacP (250 IU/ml) tu
Bacillus subtilis MD2 do Bo mén CNSH - Vi
sinh, Khoa Sinh hoc, Truong PH Su pham Ha
Noi cung cip [1].

Céac hoa chit, dung moi, dung dich chuén:
Natri-phytate  (Sigma, P3168), ammonium
molypdate (Merck), tricloroaxetic acid (TCA —
Trung Qudc); dung dich chuan 1000 ppm Fe*,
Zn** va Ca*" (Scharlau, Tdy Ban Nha) va céac
héa chit phan tich thong dung khéc:
FeSO,.7H,0, NaOH, HCI, H,SO,, C,HsOH,
NaH,PO,, NH,OH,... déu tinh sach & muc phan
tich.

2.2. Phuong phap nghién ciru

2.2.1. Xac dinh ham heong phytate trong
cdc logi hat ngii céc va sita ngii coc [6]

Dua trén dic tinh két tia manh voi ion Fe**
cua phytate, chdng t6i dung mét luong du Fe**
dé két tua toan bd phytate trong cac mau sira.
Tir ham lugng sit co trong két tha voi phytate
(d3 duoc rira sach Fe** du) dé tinh ham lugng
cua phytate trong sita theo cong thirc: Mppytate
trong sita = 2,98 X Mg trong két taa vai phytate.

2.2.2. Quy trinh san xudt sita ngii coc.

Can 60g dau nanh, 40g hat ké, 20g yén
mach, dem ngam trong nuéc am khoang 50°C
trong 2 — 3 gio. Cac loai hat dugc vét ra, rira
sach, sau d6 dwoc nghién bing may nghién
dong thé va bd sung nudc khir ion dé thu duoc
1 1it dich dong thé. Dich nay duoc loc qua vai
bong dé thu sita ngii coc thé. Bun thanh trang
sita ngii coc thd & 95°C trong 5 phat dé thu sita
ngil cc thanh pham. Sira ngii cdc nay duoc bao
quéan & 4°C dé sir dung cho céc thi nghiém.

2.2.3. Xdac dinh ham lwong va thoi gian xir
Iy phytate trong sita ngii coc bang enzyme BacP
trong quy trinh san xudt sita thanh tring hodc
khit trung

Cac binh tam gidc sita ngii coc duge bd
sung enzyme BacP & cac ndng d6 khac nhau:
15, 20, 25, 30, 40, 50 IU/l. U céc binh thi
nghiém & cac nhiét d6 50°C va 65°C va ldy mau
lién tuc trong mot gid voi khoang céach giira hai
lan 1dy mau ké tiép 1a 10 phat. B6 sung 15%
TCA vao miu theo ti 16 thé tich 1a 1:1 dé dung
phan tng, li tim 10000 vong/phtt trong 10 phut
va thu dich néi. Tién hanh phan tmg mau véi
Molibdate ammon d xac dinh luong phd phat
6 co (Pyc) giai phong trong dich noi.

2.2.4. Xac dinh ham luong kim logi ty do
duoc gidi phong trong quda trinh xir Iy sita bang
phirong phdp do phé hdp thu nguyén tir.

Pé xac dinh ham lugng kim loai Fe**, Ca®
bang phuong phép do phd hap thu nguyén tir thi
cac mau sita khong va co xir li enzyme sé& duoc
xir 1y bang dung dich 2% HNOs; con dé xéic
dinh ham lugong Zn?**, cac mau sita dugc xur ly
bang dung dich 1% HCI theo ty 18 thé tich 1:1.
Li tim 10.000 vong/phut trong 10 phit dé thu
dich ndi. Dich nbi dugc loc qua mang loc kich
thude 16 0,45 um trude khi xac dinh ham lugng
cac kim loai c6 trong dung dich bing may do
quang pho hip thu nguyén tor (AAS) & budc
song tuong ung voi tung kim loai. Dung dich
mau dugc tron véi hon hop khi C,H, va khong
khi, sau d6 dugc phun swong tao thanh dam hoi
nguyén tir trong buéng phan tmg. Dya vao mdi
quan h¢ gilta cudong do cua vach hép thu va
ndng do cua ting nguyén td trong dam hoi dé
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x4c dinh ndng do ciia nguyén t6 can phan tich
[7] dya trén do thi chuan tuong ung.

3. Két qua nghién ciru va thao luin

3.1. Xdy dung cong thirc va xdc dinh ham luong
phytate trong sita ngii coc

Su két hop cac loai ngii cdc khac nhau 1am
cho thanh phan dinh dudng cua sita ngii céc
phong phu va da dang hon do cac loai ngi coe
da b sung cho nhau dam bao cung cap day du
céc chét dinh dudng cho co thé con IlglIO‘l bau
nanh la loai ngii cOc giau dam va canxi, dugc su
dung phd bién dé ché bién sira d4u nanh; thém
vao d6, ddu nanh con chua axit béo omega-3,
lecithin va isoflavone, loai phytohoocmon giup
can bang ham luong estrogen trong co thé, hd
tro diéu tri bénh tim mach va thoai hoa khop
[8]. Yén mach tuy co6 ham luong protein thap
nhung rat giﬁu chat xo hoa tan, dic biét co chira
J — glucan, avenanthramides, cac hop chat
phenolics, gluten va lignin 13 nhitng hop chat
dugc ching minh 1a c6 gia tri trong diéu tri
bénh tim mach, ung thu vi, giam cholesterol va
tang cuong mien dich ty nhién [9]. Hat ké la
loai ngi coc cung cip day du cac vitamin can
thiét cho co thé con ngudi, nhiéu nhét Ia
vitamin PP, B2, B5, B6, K, E,.. Ké con chtra
lecithine va choline ty do, gitip bdi bd ndo cho
nhitng ngudi 1am viée tri 6¢ nhiéu, ting cudng
tri nhd va lam gidm qua trinh 130 héa [10]. Dua
trén gia tri dinh dudng cia timg loai ngii cdc
[1], ching t0i da lya chon déu nanh, hat ké va
yén mach lam nguyén liéu dé san xuét stra ngl
coc voi ti 1é ph01 tron dau nanh: ké: yen mach
theo khdi luong 1a: 60:40:20 g/l; nham dam bao
cho ham lugng protein trong sita ngii cc khong
duoi 15%.

Ham luong phytate ciia ting loai ngii coc va
clia sita ngil coe duge xac dinh trong bang 1.

Theo bang 1 thi ham luong phytate trong
dau nanh 1a 1,535 g/, yén mach 1a 0,999 g/I.
Céc két qua nay phu hop v6i nhitng nghién ciru
trudc do cua Hidvégi va cs nam 2002 [12].
Theo do, ham lugng phytate trong déu nanh tu

1,2 — 1,75 g/100g va trong yén mach khoang
0,90 — 1,42 g/100g [12]. Chung t6i da xac dinh
dugc ham lugng phytate co6 trong hat ké la
0,906 g/l twong tng voi 0,906 g/100g. Chua co
nghién ciru nao vé ham luong phytate trong hat
ké duoc bao cao.

Béng 1. Ham lugng phytate trong mot s6 loai ngii
coOc va sira ngii coe

L2 Fe-phytate  Phytate
LoNNEN  (ugmb  (g/100g)
D4u nanh 1030,241 1,5350
Ké 608,333 0,9064
Yén mach 671,048 0,9998

Sita ngil coc 937,049 1,3962

Ham luong phytate c6 trong sita ngii coc 1a
1,3962 mg/ml. Theo két qua nay thi khi udng 1
lit sira ngil cbc, co thé s& phai hip thu khoang
1,4 g phytate, mot lugng khong nhé chit khang
dinh dudng. Do do, viéc lam giam ham luong
mu01 phytate trong qua trinh ché bién sira ngii cdc
14 rét can thiét.

3.2. Lua chon nong d enzyme BacP va thoi gian
dé xir Iy phytate trong sita ngii coc thé trong quy
trinh san xuat sita thanh trung va ki trung

Phytate trong sita ngii coc thd ciing c6 thé
dugc xur 1y trudc khi thanh trung/kht tring stra
hodc ngay trong qua trinh thanh tring sita dé
tan dung nhiét do ciia giai doan thanh tring. O
thi nghiém nay, chang ti tién hanh thir nghiém
xit 1y phytate trong sita ngii coc thd voi cac
néng d6 enzyme BacP khac nhau, & nhiét do
65°C va theo ddi ham lugng P, gidi phong
trong 60 phut.

Két qua thi nghiém & 65°C (Hinh 1) cho
thiy: ¢6 thé lwa chon dugc cac nong do enzyme
phytaza BacP tu 25 - 50 U/l dé bd sung vao
sita ngii céc nham thuy phéan phytate va giai
phong tir 20 dén 30% lugng P\ von co trong
phytate cua sita ngii coc. Dé giai phong duoc ~

30% luong phdt phat trong phytate cua sira ngt
cde, tie 1a cac dan xudt co ich cua IPg nhu IP,,
IP; va IP, tao ra nhiéu nhét, thi nén st dung
ndng d6 30 - 40 1U/1.
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Hinh 1. Dong thai giai phong P, trong sita ngii cbc
dugce xir Iy véi phytaza BacP & nhiét do 65°C.

Khi xem xét vé mic chi phi cho viéc gia
nhiét va ham luong enzyme BacP cin bd sung,
chung t6i da lua chon ham lugng enzyme BacP
bd sung 1a 40 TU/1 ¢ nhiét d6 65°C trong 30
phut ddi sira sita thanh tring va 60 pht dbi voi
stra khur tring dé dam bao lugng P\ giai phong
nam trong khoang 20 — 30%, va tiét kiém chi
phi nhat.

3.3. Nghién citu kha nang giai phéng cdc kim logi
tw do trong sita ngil coc duoc xur ly bang enzyme
BacP

Axit phytic c6 kha nang tao phuc chat che
v6i cac ion kim loai va véi cac hop chit khac
nhu axit amin, protein, tao nén cic mudi
(phytate, phytin) gy trc ché cac enzyme tiéu
hoa, ngan can su hap thu cac chat cia cac co
thé sdng [11]. Vi thé axit phytic dwoc coi 1a mot
yéu t6 khang dinh dudng trong thirc an va thuc
phém, lam giam su hép thu sit, k&m, canxi,...
ctia co thé [14]. Chung t6i di tién hanh nghién
ctru kha nang giai phong cac kim loai tir dang
lién két véi phytate sang dang cation tu do
trong sita ngii coc sau khi dugc xir 1y bang
enzyme BacP.

3.3.1. Sw gidi phéng ion kim loai sdt trong
stta ngii coc

Két qua trinh bay trong hinh 2 cho thiy, so
v6i mau sira thd khong duoc xir li enzyme thi
cac mau sita dugc xir li bing enzyme BacP sau

khi thanh trung/khir tring c6 ham luong Fe**
tang tir 3,58 1én 4,59 mg/l d6i voi mau thanh
tring; tir 3,29 1én 4,88 mg/l dbi voi mau khir
trung. Piéu nay c6 nghia la luong Fe** tu do
trong dich stra tang ty 1¢ nghich véi ham lugng
phytate dudi tac dung ctia enzyme BacP.

Trong qué trinh thanh/khtr truing ham luong
Fe* trong cdc mau sita ciing ting 1én mot lugng
nho, ching to nhi¢t do trong qua trinh
thanh/khtr tring da lam phytate phan gidi mot
phan. Sau 3 ngdy ¢ didu kién bao quan thi ham
luong Fe** trong cac mau sita dé ¢ diéu kién
bao quan khong doi.
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Hinh 2. Ham lwong Fe**giai phong trong qua trinh
xu ly stta bang enzyme BacP

3.3.2. S gidi phong ion kim loai kém trong
sita ngii coc

Theo két qua trén hinh 3 thi ham luong Zn?*
trong dich sira ngii cdc khong xir 1i bang
enzyme trudc khi thanh trung/khtr trung khoang
1,91 — 1,92 mg/l con dich sita duoc xir li bang
enzyme trudc khi thanh/khir trung c6 ham
luong Zn** khoang 2,55-2,80 mg/l. Sau qué
trinh thanh/khtr trung, dudi tdc dung co hoc cia
nhiét d6 lam cho ham luong Zn®* ting thém
mot lugng nhod nira. O diéu kién bao quan, hoat
tinh enzyme khéng con nén ham luong Zn**
khong ting 1én so voi mau sita sau khi
thanh/khtr traing. Nhu vay, enzyme BacP giam
ham luong phytate trong dich sita ngii cdc, lam
tang su giai phong Zn*" trong dich sira, qua d6
tang ham luong kém d& tiéu dén rudt non cho
co thé hip thu [15].
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Hinh 3. Ham lugng ZI}ZJ' giai phong trong qua trinh
xu ly stta bang enzyme BacP.

3.3.3. Su giai phong ion kim logi canxi
trong sita ngii coc.

Ham luong Ca®" trong sita ngii cc tho
khong duoc xir Iy bang enzyme phytaza trudc
khi thanh/khtr trung 1a 13,36 va 12,82 mg/l va
sau khi xir 1y sita bang enzyme BacP ddi véi
sita thanh trung 13 18,92 mg/l va dbi véi sira
khtr tring 1a 19,65 mg/l (Hinh 4). Sy tang lugng
Ca®* ty do trong dich sira cho thiy enzyme
BacP di phan giai dic hidu co chit phytate
trong sita ngil coc giai phong dong thoi P va
Ca’* trong sira.
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Hinh 4. Ham luong Ca®" trong sira ngil cc duoc xir
ly bang enzyme BacP.

Ngay sau khi thanh/khir tring cac mau sira
khong xur 1i va xtr li enzyme, ham lugng Ca®* c6
tang 1€n chut it do nhiét d§ cao trong qua trinh
thanh/khir trung da lam phytate trong sita ngii
cbc bi phan giai mot phan. Ngoai ra, nhiét do
clia qua trinh thanh tring (70°C) nam trong
ngudng nhiét d6 hoat dong ctia phytaza BacP

nén sau khi thanh trang va trong thoi gian bao
quan, lugng Ca”" ciing ting 1én khoang 10%.

Céc san pham sira duoc xir Iy bang enzyme
phytaza BacP cho ham lugng cac ion ty do nhu
sat, kém va canxi cao s& 1a co so dé tang kha
nang hap thu khodng cua co thé, gop phan ngin
ngira mot s6 bénh 1y vé xwong, ring va mau cho
nhitg ngudi st dung cac san pham sita nay;
dong thoi giam cho phi cho viéc bd sung
khoéng vao sita ngii coc.

4. Két luan va kién nghi
4.1. Két lugn

1. Xy dyung dugc cong thirc sita ngil coc:
60g dau nanh, 40g hat ké, 20g yén mach.

2. Ham lugng BacP cin bd sung trong quy
trinh san xudt sira ngii coc 1a 40 TU/1 & 65°C
trong 30 phit d6i v6i sita thanh tring va 60
phit ddi voi sira khir tring.

3. banh gia duoc anh hudng tich cyc cua sy
giam ham luong phytate trong sira ngii coc boi
enzyme BacP t&i sy gidi phong cac kim loai
nhu Fe**, Zn?*, Ca?* trong sira.

4.2. Kién nghi

Cong thire sira ngll cbe ciing nhu quy trinh
san xudt va xt 1y phytate sita ngti cbe can duge
tiép tuc nghién ctru dé dat diéu kién dinh dudng
t61 wu nhat cho san pham nay.
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4n phat trién va ung dung coéng nghé sinh hoc
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Transforming Phytate in Cereals Milk
into Digestible Phosphates and Metal lons
by Phytase from Bacillus subtilis

Mai Thi Ngoc, Nguyen Thi Thu Huyen, Tran Thi Thuy

Faculty of Biology, Hanoi National University of Education, 136 Xuan Thuy, Hanoi, Vietnam

Abstract: Phytate phosphorus reserves are the main phosphate storage in variety of cereals.
Phytate is also considered as an anti nutrient in food and feeds. This anti-nutrient effect is expressed
through the ability of phytate to bind many metal ions (Fe**, Zn*, Cu**, Mn**, Ca®*, Mg?) in neutral
and alkaline conditions, as well as with the protein and starch in acidic conditions. In this study,
alkaline phytase enzyme (BacP) originated from Bacillus subtilis was used to remove the anti-nutrient
effect of phytate in cereal milk. Using 40 1U/I BacP at 65°C to treat pasteurized and sterilized cereals
milk from 30 to 60 minutes induced the liberation of 20-30% inorganic phosphate from available
phytate in cereals. Cereal milk was treated by enzyme BacP increases the level of digestible not only
phosphate but also mineral ions (Ca, Fe, Zn). The results showed that the phytase BacP has a potential
to apply in removing anti-nutrient effect of phytate in cereal milk, transforming it into digestible

sphate and metal ions.

Keywords: Phytate, phytase enzyme BacP, cereal milk.



