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ABSTRACT

Protein digestibility is an important indicator in quality assessment for aquafeed ingredients.
Many in vitro assays have been developed for quick estimation of protein digestibility and
replacement of feeding trials. pH stat, pH drop and pepsin digestibility with single/multi
enzyme, one/two step digestion have been studied for mammals from 1970s. These methods
have been found to correlate well with in vivo protein digestibility. However, to date, the
application of in vitro assays for shrimp and fish is still not populated. Currently, Research
Institute for Aquaculture No. 2 has performed a research on quick procedures evaluating
protein digestibility of feeds for white leg shrimp. The objective of this research is to find a
diagnostis tool to support authority departments in quality control of commercial aquafeeds.
In the study, five in vitro methods (including pH drop with 3 or 4 enzyme, pH stat with 3 or 4
enzyme and pepsin digestibility) were investigated. The results showed that only the three-
enzyme pH stat method was well correlated with in vivo technique (R? = 0,6664). The other
methods had a low regression coefficient between in vitro and in vivo protein digestibility (R?
< 0,13). However, the regression coefficient of the three-enzyme pH stat system is still not
high for utilization. Therefore, it is necessary to conduct more experiments in order to
increase the correlation and accuracy.

PAT VAN PE

Nhitng nghién ctru vé& dinh dudng ctia vat nudi thay san rat can thiét trong nganh nudi trong
thily san vi anh hudng tryc tiép dén loi nhuan. Hiéu qua cho an phu thuc vao kién thirc vé
cach vat nudi tiéu hoa thire an. Trong nudi trong thiy san, cac thir nghiém nubi in vivo thuong
xac dinh gia tri dinh dudng cua thic 4n khi danh gia tbc d6 ting truong. Tuy nhién, nhimng
phuong phap nay chi phi rat cao, ton nhiéu thoi gian va két qua bi anh huong bai cac yéu to
mdi trudong. Phuong phap hoa hoc c¢b dién ding dé xac dinh chat luong protein 1a phuong
phap Kjeldahl va phuwong phap xac dinh thanh phan acid amin. Cac phin {ng trong cic
phuong phap nay thudng dién ra trong diéu kién khic nghiét hon so v6i diéu kién trong tiéu
hda tu nhién cia vat nuoi.

Ngay nay, cac nha khoa hoc rat quan tdm dén viéc phat trién nhitng phwong phap nhanh,
nhung cho két qua tuong ddi twong dong véi do tiéu hoa biéu kién cua vt nudi. Cac phuong
phép in vitro ding dé danh gia protein tiéu hoa la rat can thiét. Boi vi ching thudng nhanh va
it ton kém hon so véi cac phuong phap in vivo. Theo Dimes & Haard (1994), ban dau, céc
phuong phap in vitro dya trén kha nang thuy phan cua cac enzyme nhu pepsin (Sheffner et al.,
1956), protease tur Streptomyces griseus (Ford & Salter, 1966), papain (Buchanan, 1969) hay
trypsin (Maga et al., 1973). Sau d6, k¥ thuat da enzyme tiéu hoa 1 giai doan nhu phuong phap
3 enzyme (trypsin, chymotrypsin, aminopeptidase cua Hsu et al., 1977), phuong phap 4
enzyme (trypsin, chymotrypsin, aminopeptidase va protease tur Streptomyces griseus cua
Satterlee et al., 1979). K¥ thuat 4 enzyme cho tuong quan tot véi hiéu qua sir dung protein
(PER) cho ca protein thyc vat va protein dong vat. Tiéu hoa 2 giai doan st dung pepsin va
mot hay nhiéu protease va/hoic peptidase ciing dd duoc nghién ciu (Thresher et al. 1989).
Céc phuong phap ndy tuy cho két qua 6n dinh trén dong vat mau néng, nhung dé ap dung cho
dong vat thiry san Van con 1a mot vin dé can quan tam.
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Céc nghién ctru vé dam tiéu hoa trén dong vat thay san chii yéu duogc thuc hién nham khao sat
nguyén li¢u. Nam 1997, Ezquerra et al. dung phuong phdp pH-stat dé du doan tiéu hoa
protein & tom thé chan tring (L|topenaeus vannamei). Tac gla st dung phuong phap pH-stat
VGi 2 ngudn enzyme: enzyme tach chiét tir gan tuy tom va hdn hop 4 enzyme thuong mai dé
xac dinh murc d thuy phén protein (DH), u6c tinh chit lugng protein trong bot ca moi dau, ca
com, ca tuyét, bot phu pham c4 ngtr, banh diu dau nanh, bot tom. Két qua cho thay co sy
trong quan dang ké gura muc d¢ thuy phan protein DH va sy tiéu hda protein bleu kién APD.
H¢ sd tuong quan = 0,77 dbi véi enzyme tach chiét tir gan tuy tom Va r ?=0,71 d6i voi
enzyme thuong mai.

Tuong ty, nam 1998, Lazo et al. d& st dung phuong phap pH drop 1 enzyme (trypsin theo
Lazo, 1994), 3 enzyme (trypsin, a-chymotrypsin va peptidase theo Hsu et al., 1977) va 4
enzyme (trypsin, a-chymotrypsin, peptidase va pronase E theo Satterlee et al., 1979) dé ude
tinh protein tiéu hda ¢ tom thé chan trang (Penaeus vannamei) trén cac nguyén li¢u nhu
casein, gelatin, cdm gao, bot tom, banh dau dau nanh, bot mi va mot sb loai bot ca. Két qua
cho thay phuong phap 1 enzyme va 3 enzyme it nhay hon so véi phuong phap 4 enzyme khi
phan biét sy khac nhau vé protein tiéu hoa gilta cac thanh phan nguyén liéu. Phuong phap 4
enzyme cho két qua xép loai nguyén liéu theo protein tiéu hoa twong ty nhu khi xac dinh APD
bang phwong phap in vivo. Tuy nhién thi nghiém sir dung hon hop 3 enzyme va 4 enzyme dé
khéng cho thay su khac biét vé chit luong giita cac loai bot ca.

Mot nghién ctru khéc trén tdm thé chan tring ciing d& dugc thuc hién bai Lemos et al. (2009).
Nghién ctru nay dugce thye hién nham danh gia kha ning udc lugng dam tiéu hoa trén 26 mau
nguyén liéu bang phuong phép pH stat, st dung enzyme tach chiét tur khdi gan tuy tom. Két
qua nghién Cu'u cho thdy & nhung diéu kién khac nhau nhung hé sé twong quan kha tuong
ddng nhau (* = 0,85 — 0,86). Mdi twong quan giita DH% va APD la phuong trinh phi tuyén y
= (a+bx)/(1+cx+dx2).

Vi muc tiéu tim kiém mot cong cu hd tro cho cong tac kiém tra, danh gi4 chat luong dam
tiéu hoa trong thirc 4n thuy san, dé tai thyc hién khao sat mot sb phwong phap in vitro (gom:
phuong phap pH drop 3 va 4 enzyme, pH stat 3 va 4 enzyme, phuong phap pepsin tiéu hoa),
sau d6 so sanh moi twong quan v6i phuong phép in vivo nham tim ra phuong phap c6 twong
quan gan nhat.

PHUONG PHAP NGHIEN CUU

Vit liéu

Thuc an thiry san dung trong nghién ctru 1a cac loai thirc an ding cho nudi tom the chan trang,
kh& pho bién trén thi truong do cic cong ty tai Viét Nam san xuat nhu Uni-president,
Tongwei, CJ-Vina va CP. Mdi cong ty thu tir 1 - 4 mau thirc &n c6 thanh phan protein khac
nhau.

Déi twong nghién ciu trong nudi thir nghiém in vivo 1a tdm nudi thwong pham (trong luong
tom tir 8—10g/con) dugc thu tai Trung tim Qudc gia giéng thiy hai san Nam Bo, Ba Ria Viing
Tau (Vién Nghién ctiru Nudi trong Thay san II) sau khi kiém tra khong c6 mam bénh nguy
hiém.

Cac enzyme trong khao sat in vitro la cac enzyme tinh khiét hodc hdn hop enzyme dugc chiét
tach tir vi sinh vat ctia cac hdng Himedia (An Do), Sigma-Aldrich (M) va Novozyme (Pan
Mach): Pepsin tinh khiét, hoat 6 1:10.000 (RM1251, Himedia); Trypsin tir tuy heo, loai IX-
S, hoat d¢: 13.000 - 20.000 (T0303, Sigma-Aldrich); a-chymotrypsin tir tuy bo, loai II, hoat
do: > 40.000 (C4129, Sigma-Aldrich); Protease tu Strepto <gces griseus, loai XIV, hoat d¢ >
3,5 (P5147, Sigma-Aldrich); Protamex®, Flavourzyme™ 500mg va Neutrase® 0,8L
(Novozyme).
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Céc thi nghiém khao sét in vitro dugc thyc hién tir thing 05 dén thang 11 ndm 2012, cha yéu
tai phong thi nghiém Hoa sinh, Vi sinh va phong thi nghi¢ém dinh dudng dong vat nuéi thiry
san thugc Trung tam Cong nghé sau thu hoach (Vién Nghién ciru nu6i trong thuy san II).

Phuong phap nghién ciru
Chudn bi méu

Thtrc an thuwong mai thu dugc duge xay min va sang qua ray 0,5mm. Sau do, tron véi 1%
Cr,03. Thém khoang 45 - 50% nudc cit vao thic dn, nhao va tron déu cho dén khi thic dn
thanh mot hon hop dic, sét, khi bop nén lai thanh cyc. Str dung méy xay thit Meat mincing
machine TJ12-B d¢ ép lai vién thirc dn, mit sang 2mm, ép nhiéu lan nham ting d6 nén va do
bén ciia vién thirc an. Sau d6, siy kho & 60°C trong 24 gid, thinh thoang mé cira ti sdy nham
tao sy thong thoang va dé khong khi am c6 thé thoat ra ngoai. Trong qua trinh siy, kiém tra
nhanh d6 4m cua vién thirc dn, néu d6 4m < 10% la dat. Sau do, thirc an dwge cit nhod thanh
vién c6 kich thuée Smm. Trude khi tién hanh nudi thi nghiém, thirc an dugc dem phén tich
d6 am, thanh phan protein thé va ham lugng Cr20s.

Phwong phap pH drop 3 enzyme

Theo Hsu et al. (1977) va Lazo et al. (1998), phuong phap pH drop 3 enzyme dugc thyc hién
nhu sau: can mau chira khoang 6,25mg protein. Thém 10ml nude cat vao céc cc, lic déu
trong 1 gio, ¢ nhiét d6 phong. Didu chinh pH dung dich vé pH 8,0 bang NaOH 0,1N. Thém
1,0ml hén hop enzyme (1,6mg.ml™ trypsin + 3,dmg.ml* chymotrypsin + 1,6mg.ml'1
Flavourzyme® 500MG), lic déu, do lai pH sau 10 phat. Két qua xac dinh d6 tiéu hoa tuong
d6i nhur sau:

D tiéu hoa protein twong déi=  (-ApH miu)
(RPD, %) (-ApH casein)
Phwong phdp pH drop 4 enzyme: (Satterlee et al., 1979; Lazo et al., 1998)

*100

Chuén bi mau tuong ty pH drop 3 enzyme. Sau do, thém 1,0ml dung dich A (1,6mg.ml*
trypsin + 3,1mg.ml™* chymotrypsin + 1,6mg.mI™* Flavourzyme® 500MG), lic déu trong 10
phat. Thém 1,0ml dung dich B (7,95mg.ml™ protease tir Streptomyces griseus), lic déu va
chuyén vao bé u nhiét, u & 55°C trong 9 phit. Lay cdc ra dé ¢ nhiét do phong va ghi nhan gia
tri pH sau 1 phut. D6 tiéu hoa tuong ddi duge tinh twong ty pH drop 3 enzyme.

Phwong phdp pH stat 3 enzyme: (Pedersen & Eggum, 1983)

Can mau thic 4n sao cho mau chira 18,75mg protein. Thém 30ml nudc cit vao cac coc, lic
déu trong 1 gio, & nhiét do phong. Piéu chinh pH dung dich vé pH 8,0 bang NaOH 0,1N.
Thém 3,0ml hdn hop 3 enzyme (1,6mg.ml™ trypsin + 3,1mg.mI™* chymotrypsin + 1,6mg.ml™
Flavourzyme® 500MG), lic déu va duy tri pH cua dung dich & pH 8,0 bang cach thém NaOH
0,IN tir may chuén d6 dién thé ty dong Radiometer TritraLab 865, trong 3 gio. Sau do, ghi
nhan lai thé tich NaOH 0,1N d4 st dung.

P thity phan (DH, %) = B*Ng*1/a*1/Mp*1/he* 100

Trong d6: B: thé tich NaOH 0,IN d4 sir dung (ml); Ng:
Nong d6 duong luong cua NaOH (N); 1/a: Hé s6 thuy
phan cta nhém o -amin phy thuéc pK amin & diéu kién
nhi¢t do va pH thuc nghiém; Me: luong proteln trong
phan ung (%); 1/ht: tong sd lién két peptide cua cac mau
protein khac nhau (meq.g™).

Hinh 1. May chuan d¢ dién thé
tu dong
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Phuwong phdap pH stat 4 enzyme: (Ezquerra et al., 1997)

Thuc hién tuong ty phuong phap pH stat 3 enzyme, tuy nhién enzyme sir dung 1a hon hop 4
enzyme (1,6mg.mlI™ trypsin + 3,1mg.mI™ chymotrypsin + 1,6mg.ml™* Flavourzyme® 500MG
+ 7,95mg.ml™ protease tir Streptomyces griseus), thoi gian phan tng 1a 2 gio. Két qua xac
dinh d¢ thuy phan (DH) dugc tinh theo cong thirc nhu trong phuong phap pH stat 3 enzyme.

Phuwong phdp pepsin tiéu hoa: (Siccardi 111, 2006; AOAC, 971.09)

Ban dau mau duoc khir béo bang cach chiét miu
Vi ether dau bang Soxhlet.

Can 0,59 mau d4 khir béo, cho vao 6ng may xoay
cung véi 150ml dung dich pepsin 0,0002% (trong
HCl 0,075N). U & 45°C, téc d6 xoay: 15
vong/phut, trong 16 gio.

Sau khi 1, dé ling, loc bang gidy loc da can trong
lwong qua phéu buchner. Rira lai 2 1an voi acetone,
mbi lan 15 mL acetone.

Xac dinh protein tho trén can thu dugc (Protein thod
cua cgn khong tiéu hoa). Hinh 2. May xoay & mau trong xac dinh
pepsin tiéu hoa

Protein tiéu héa (%) = 100 - [ Protein thd ciin thu dwgc x 100 ]
Protein thd ciia miu

Néu xem xét ham lugng Nito phi protein:

Protein tiéu héa (%) = 100 - [ Protein thd cin thu dwgc x 100 ]
Protein thd ciia miu — (Nito phi protein x 6,25)

Quy trinh nu6i thir nghiém in vivo

Chon tom thi nghiém c6 kich c¢& dong déu (8 — 10g), khoe manh, con day du rau, boi 16i
nhanh nhen. Toém dugc bd tri vao 30 bé kinh c6 dénh s6, mat do 10 con/bé, thé tich bé 120 lit,
thé tich chira nude 70 lit, nude nudi tom c6 do man 18%o. Thir nghiém bao gdm 10 nghiém
thie, mdi nghiém thuc duoc lip lai 3 lan. Trude khi thi nghi€ém tom dugc nudi dudng trong
vOng mot thang dé thich nghi véi moi truong, cho an cling mot loai thirc dn thuong mai. Sau
d6 tap cho tom an thirc in thi nghiém trong vong 3 ngay rdi méi tién hanh thu phan.

Khi tién hanh thir nghiém cho t6m an 03 lﬁn/ngéy, cho an 4 - 6% trong luong than, luong thire
an dugc diéu chinh sao cho tom in hét tranh dé thire an con du trong bé. Sau 45 phut cho dn
kiém tra lai luong thirc dn d& cho an. Sau d9, tién hanh siphong nhiing can khong phai 1a phan
trong bé dé chuan bi thu phan, ngdy thu phan 2 lan. Tom dugc nudi téi khi thu du phan thi
nghiém.

Hé thong suc khi hoat dong lién tuc sudt ngay dém. Hé théng loc nude chi duoc st dung vao ban
dém. Dinh ky mdt tuan thay nudc mot lan, thay khoang 50% thé tich nude cuia be.

Trong thoi gian thi nghiém céc chi tiéu mdi truong nhu: pH, t°, DO, N-NHjs, N-NOz" dugc
theo ddi thuong xuyén: pH, nhiét 6 do moi ngay 1 lan; DO, N-NH3z, N-NO," do méi tuan 1
lan.

Phan thu dugc dugc bao quan & —?O°C cho dén khi tién hanh siy dong kho. Sau khi sy dong
kho, phan dugc dem xac dinh d§ am, protein thé va ham lugong Cr,0s.
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P tiéu hoa protein =100 - [ % Cr,Osthircdn  x % PROTEINphan x 100 ]
kha kién APD (%) % Cr,0sphan % PROTEINthizc n

Phuong phap phan tich

Ham lugng protein thd duoc xac dinh theo TCVN 4328-1:2007.

Ham lugng lipid thé dugce xac dinh theo TCVN 4331:2001.

Ham lugng tro duoc xac dinh theo TCVN 4327:2007.

Do 4m duoc xac dinh theo TCVN 4326:2001.

Ham lugng Nito phi protein xac dinh theo TCVN 8801:2011.

Ham luong Cr,03; dugc xac dinh theo phuong phap cua Furukawa & Tsukahara, 1966.
Ham lugng N-NO; xé4c dinh theo phuong phap APHA 2005.4500.NO,-B.

Ham lugng N-NH3 xac dinh theo phuong phap APHA 2005.4500.NHs F.

Hoat d¢ peptidase dugc xac dinh theo phuong phap cua Sigma-Aldrich.

KET QUA VA THAO LUAN

Khio sat enzyme thay thé peptidase tir mang nhiy rugt heo P7500 (Sigma-Aldrich, 40
units/g)

Tién hanh khao sat hoat do cac enzyme thay thé petidase tir mang nhay rudt heo P7500
(Sigma-Aldrich, 40 units.g?), gdm cac ché phim enzyme nhu: Protamex®, Flavourzyme®
500mg va Neutrase®0,8L (Novozyme).

Bang 1. Két qua xac dinh hoat do peptidase ctia mot s6 enzyme thay thé

Enzyme Hoat dé (units.g'l enzyme)
Protamex® 0,003
Flavourzyme® 500mg 319+16
Neutrase® 0,8L 0

Tir bang trén c6 thé thiy trong ba enzyme dugc chon khao sat, chi c6 san phim Flavourzyme®
500mg c6 hoat do peptidase (31,9 + 1,6 units.g™ enzyme), hai san phdm con lai gin nhu
khong phat hién. Theo Hsu et al. (1977) va Navarrete del Toro & Garcia-Carrefio (2002),
peptidase tir mang nhay rudt heo dung trong phuong phap pH drop hay pH stat co hoat do
khoang 40 units. g enzyme. Nhu véy, san phim Flavourzyme® 500mg cé hoat do tuong
duong va c6 thé dang lam enzyme thay thé peptidase P7500 (Sigma-Aldrich) trong cac
phuong phap pH drop hay pH stat khi xac dinh d6 ti€u hoa va d¢ thily phan protein.

Két qua phan tich thanh phan dinh dudng trong cac miu thirc in dwge khio sat

Trong 10 miu thirc 4n tom thé chan tring dugc khao sat, tit ca cac mau déu co protein tho >
44% (tir 44,22 — 47,47%). Ham luogng lipid tho tir 6,73 — 8,21%. Tro thd tur 10,93 — 13,80%.
Ham lugng xo tho tr 1,61 — 3,46%. Khi xét ham lugng Nito phi protein, ham lugng dao dong
tu 8,13 — 9,49%, thay doi khong phu thudc ham luong protein tho.
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Bang 2. Thanh phan dinh dudng cua thic dn tém thé chin tring dugc khao sat

Protein Lipid Tro Xo NPP

r - = 0
Thire dn Am (%) (5 VCK) (%, VCK) (%, VCK) (%, VCK) (%, VCK)

TT AO (40%) 8,81+0,04 46,09+043 7,24+0,04 13,49 +0,05 2,65+0,03 9,18 +0,02
TT A4 (40%) 8,12+0,03 4651+0,26 7,15+0,25 11,54+0,11 1,61+0,02 8,74 0,02
TT A5 (38%) 850+0,04 46,10+0,35 7,41+0,20 10,93 +0,02 2,67 +0,04 8,31 +0,04
TT B1 (40%) 8,89+0,03 47,47 +0,08 8,21 +0,03 13,74 +0,02 2,49 +0,03 8,62 + 0,02
TT B3 (40%) 9,88+0,06 46,76 +0,25 8,09 +0,10 13,80 + 0,07 2,34 +0,03 9,37 £0,01
TT B4 (38%) 9,67+0,02 4651+0,17 7,47+0,04 13,36 +0,01 3,16 +0,01 8,30 +0,02
TT C3 (40%) 7,71+0,05 4540+0,16 7,87 +0,06 11,32 +0,03 3,19 +0,04 8,65+ 0,02
TT C4 (38%) 8,62+0,02 4452+0,04 8,01+0,13 11,12+0,03 2,06 +0,05 8,13 +£0,01

&Z)‘%fplus 7,48+0,05 46,10+0,51 7,03+0,12 11,33+0,04 2,66 £0,04 9,49 +0,01

TT D3 (40%) 8,92+0,01 4422+0,06 6,73+0,36 13,74 +0,03 3,46 +0,06 8,43 +0,03

Panh gia phwong phap in vitro xac dinh d¢ tiéu hda protein trong thirc in tém thé chin
trang bang thir nghiém in vivo

Trong thoi gian nudi thir nghiém cac yéu t moi truong déu nim trong khoang rat thuan loi
cho sy sinh trudng ctia tom, tron% d6 nhiét @o tir 26,2 — 28, 5°C pH: 7,2 -83; DO:6,3-7,3
mg.I™; L. NHa: 0,002 — 0,180 mg.I"; NO,: 0,003 - 0,019 mgl Nguyén nhén la do qué trinh
chim soc quan 1y tot, sir dung hé thng suc khi lién tuc, két hop véi sir dung hé thong loc
nudc vao ban dém, déng thoi do thi nghiém tién hanh thu phan nén trong bé nudi tdm hau nhu
khéng c6 nhiéu cac chit cin nhu thirc dn du hay vo tom 16t xé4c.

MGi tuong quan gitta phuong phap in vitro va phuong phéap in vivo duoc thé hién trong bang
3 vatrong céc hinh 3 - 8.

Khi so sanh gitra phuong phap pH drop 3 enzyme va phuong phap pH drop 4 enzyme, cho
thdy co su khac biét dang ké. Két qua do tiéu hoa protein tuong ddi thu duge tir phuong phap
pH drop 4 enzyme luon cao hon so v6i phuong phap pH drop 3 enzyme.

So sénh gitra phuong phap pH stat 3 enzyme va phuong phap pH stat 4 enzyme, cho thdy c6
su khac biét dang ké. Két qua do tiéu hoa protein twong d6i thu dugc tir phuong phap pH stat
4 enzyme ludn cao hon so védi phuong phap pH stat 3 enzyme.

T8 3 chan trd Hdrop 4 enzyme-TOm thé chan tran
pH drop 3 enzyme-Tém thé chan trang y = -0.2853x + 94.693 p P Y 9 y=-0.063x +82.275

R®=0.0719 R*=0.0047
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Hinh 3. Méi tuong quan gitra phuong phdp Hinh 4. Mdi twong quan giita phuong phép
pH drop 3 enzyme va phuong phap in vivo pH drop 4 enzyme va phuong phap in vivo
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pH stat 3 enzyme-Tom thé chan tréng
y = 1.4353x + 48.944

R? = 0.6664
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pH stat 4 enzyme-Tém thé chan tréng

y =0.5362x + 64.967
R?=0.1245
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Hinh 5. Mbi tuong quan giita phuong phap
pH stat 3 enzyme va phuong phap in vivo

Hinh 6. Mbi tuong quan giita phuong phap
pH stat 4 enzyme va phuong phap in vivo
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Pepsin tiéu h6a-Tém thé chan tring

y = 0.0264x + 74.956
R?=0.0015
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Pepsin tiéu héa (NPP) - Tém thé chan tréng
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Hinh 7. Méi twong quan giita phuong
phap pepsin ti€u hoa va phuong phap in
vivo

Hinh 8. Méi twong quan giita phuong
phap pepsin tidu hoa c6 xét dén ham
lugng nito phi protein va phuong phap in

Vivo

Két qua gitra phuong phap pepsin tiéu hoa ¢6 va khong cd tinh ham lugng nito' phi protein
cho thay khong khac bi¢t dang ké. Neu tinh dén ham lugng nito phi protein thi ket qua protein
tiéu hoa ludn thap hon so vdi khi khong tinh ham lugng nito phi protein.

Két qua danh gia cac phuong phap in vitro dua trén mdi twong quan gitra phuong phap in
vitro va phuong phép in vivo cho thiy hé sb twong quan cia 5 phwong phap (pH drop 3
enzyme, pH drop 4 enzyme, pH stat 4 enzyme, pepsin tiéu hoa va pepsin tiéu hoa co tinh
NPP) deu thap R? < 0,13. Chi c6 phwong phap pH stat 3 enzyme cho hé sb twrong quan tuong
d6i (R* = 0,6664).

Riéng do1 véi phuorng phap pepsm tiéu hoa, co thé nhan thiy khi do tiéu hda in vitro < 90%
thi cac mau kha tuyen tinh (R? = 0,7741). Tuy nhién, khi protein tiéu hoa in vitro > 90% thi
APD lai bit dau giam chir khong ting theo. Nhu vay, c6 thé phuong phap pepsin tiéu hoa chi
thich hop xac dinh d6 tiéu hoa protein ddi voi nhitng mau co protein tiéu hoa in vitro < 90%.
Can thiét xac dinh trén nhiéu mau hon nita dé c6 thé khang dinh diéu nay.
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Bang 3. Bang so sanh két qua xac dinh do tiéu hoa protein bang phuong phap in vitro va in vivo

Thire dn pH drop (RPD, %) pH stat (DH, %) Pepsin tiéu hoa (%) Dj tiéu hoa
Hé 3 enzyme Hé 4 enzyme Hé 3 enzyme Hé 4 enzyme Khéng tinh Tinh NPP biéu kién APD
NPP (%)

TT AO 58,03 £ 0,59 75,21 +1,89 19,83+ 0,53 2390+1,15 87,61+ 0,61 84,53+ 0,76 76,99 £ 0,51
TT A4 60,77 £1,18 77,69 £ 0,60 20,92+£1,35 24,74 £ 0,46 89,41+ 0,75 86,96 + 0,92 78,64 £ 0,64
TT A5 60,11 £ 0,00 78,01 +£2,12 21,25+1,78 22,92+0,18 89,29 £ 0,75 86,94 + 0,92 80,47 £1,01
TT B1 58,54 +1,18 80,83 +£1,09 20,78 £ 0,62 22,60+ 1,39 88,57 £ 1,06 85,96 + 1,30 78,13 £1,96
TT B3 62,42 £+ 3,08 80,37 £1,32 19,38+ 2,11 22,49 £ 2,38 90,47 £ 0,96 88,07+ 1,20 77,79+ 0,72
TT B4 61,81 £ 3,63 77,86 £ 2,36 19,95+ 0,56 24,77 £1,52 93,53+0,39 92,17 £ 0,47 76,72 £1,60
TT C3 60,80 £ 2,10 78,85 £ 1,05 18,11+ 0,14 22,60+ 0,14 93,07 £ 2,69 91,44 + 3,33 75,20 £ 0,58
TT C4 62,92 £+ 3,00 78,11 +1,84 19,17 + 2,32 21,90+ 0,84 85,27 +1,31 81,98 +1,61 74,57 £ 0,55
TT C4Plus 61,25 £ 0,00 82,05 +1,05 18,63+ 1,17 21,14+ 1,15 87,03 +1,14 83,66 + 1,44 76,02 £ 0,34
TT D3 62,67 £1,77 78,94 £ 0,80 19,61+ 1,72 23,12 £ 0,69 87,29+£0,72 84,29 £ 0,89 78,54 £ 3,49
Hé sb tuong 0,0719 0,0047 0,6664 0,1245 0,0015 0,0023
quan (R%)
Phuong trinh héi  y=-0,2853x +  y=-0,063x + y =1,4353x + y = 0,5362x + y = 0,0264x + y = 0,0259x +
quy 94,693 82,275 48,944 64,967 74,956 75,067
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Pepsin tiéu hda < 90% - Tém thé chan trang y = 1.1722x - 25.272
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Hinh 9. Méi twong quan giita phuong phap pepsin tiéu hoa (< 90%) va phuong phap in vivo

Hién nay, trén thé gigi van chua co phuong phap chuan xac dinh do tiéu hda protein trong
thirc @n thuy san, chi ¢6 phuong phép pepsin ti€u hoa AOAC 971.09 1a phuong phap xac dinh
dam tiéu hoa trong cac loai nguyén liéu c6 ngudn gdc dong vét, ma cha yeu 1a bot cd. S¢ di
nhu vay vi thirc an hoan toan khéc véi nguyén liéu. Thic an 1a mot hdn hop, bao gdm ca
nguyén liéu co ngudn goc dong vat, thuc vat, mot sé nha may con bo sung dam thiy phan voi
muc dich tang tinh hap dan. Thanh phan thirc an thi vd cing da dang, cac nha may su dung rat
nhiéu cac loai nguyén liéu khac nhau, mdi loai nguyén liéu lai c6 nhidu nguon gdc khac nhau
(vi du nhu bot ca Peru co chét lugng hoan toan khac vai bot ca san xuat trong nudc). Cong
thirc phdi tron thirc 4n ciing khéc nhau ¢ timg nha may, timg thoi diém. Chinh vi sy phdi tron
da dang cta thie an 1am cho nén mau thirc dn v6 cling phirc tap. Ngoai ra, kha ning tiéu hoa
clia vat nudi con phu thudc rat nhidu vao moéi truong, do tudi va stc khoe. Chinh vi nhing
diéu d¢6 ma hién nay van chua c6 mot phuong phap nao duge xem 1a phuong phap chuan dé
danh gia d6 tiéu hoa protein trong thirc an thay san. DA c6 rat nhiéu nghién ciu phat trién
phuong phép in vitro xac dinh nhanh protein tiéu hda nham thay thé phwong phap nudi thi
nghiém in vivo. Tuy nhién, méi tuong quan cao nhét giita cac két qua thu duoc tir phuong
phép in vivo va in vitro chi c6 dugc khi so sanh riéng biét ngudn gbc ciia ngudn dam la dam
dong vat hay dam thuc vat. Trong nhitng mau bao gém luén ca dam dong vat va dam thuc vat
thi nhirng phuong phép in vitro sir dung enzyme cho két qua chi c¢6 tinh twong dbi (Pedersen
& Eggum, 1983).

Khi khao sat, danh gia cac phuong phap in vitro trén thirc an tom thé chan tréng, két qua thu
duoc chi c6 phuong phap pH stat 3 enzyme cho moi tuong quan dang ké (R = 0,6664),
nhung phuong phéap con lai cho hé sb tuong quan thip (R? < 0,13). Két qua nay twong tu voi
két qua nghién ciru ctia Pedersen & Eggum (1983) khi 2 tac gia ndy xem xét mdi twong quan
gitta cic phuong phap in vitro va in vivo trén mau thyc phim. Ket qua nghién ctu cua
Pedersen & Eggum cho thiy phuong phap pH stat 3 enzyme c6 mdi tuong quan véi phuong
phép in VIVO cao hon so v6i phuong phap pH drop 3 va 4 enzyme va phuong phap pH stat 4
enzyme (R® = 0,94). Tuy nhién, ket qua nghién clru cua dé tai cho thay hé sO twong quan Cua
phuong phap pH stat 3 enzyme van con khéa thap, can thuc hién nhiéu thir nghiém hon nita.
Theo y kién cia mot sb nha nghién ciru dinh dudng trén thé gidi, cac phuong phap in vitro
dung trong xac dinh protein tiu héa cua thic in thiy san chi ¢6 tinh tuong ddi, khong thé
dua ra mot gid tri chinh xéc ma gia tri nay co thé phan biét dugc chat lugng gitra cac mau thire
an c6 chat lugng t6t. Tuy nhién, cac phuong phap nay c6 thé sir dung xdc dinh déu 1a mau
thuc an co chat luong rat Xau so v6i cac mau thirc an ¢ chit lwong tot. Pay ciing 1a mot cach
tlep can can xem xét thuc hién.
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KET LUAN VA PE NGHI
Qua céc két qua nghién ctru thu dugc, hién dé tai ¢ thé di dén mot sé két luan sau:

Két qua xac dinh do tiéu hoa protein va do thiy phan bang cac phuong phap pH drop 3 va 4
enzyme, pH stat 3 va 4 enzyme trén thirc dn tom thé chén tring cho thay c6 sy khac biét dang
ké giita cac phuwong phap. Tuy nhién, d6i véi phuong phap pepsin tiéu hoa, viéc tinh hay
khong tinh dén ham lugng Nito phi protein lai khong khéac biét dang ké.

Khi xem xét m01 tuong quan giitta phuong phap in vitro va phuong phap in vivo trén thirc an
tém thé chan tring, chi co phuorng phap pH stat 3 enzyme cho moi tuorng quan déng ké (R2
0,6664), nhitng phuong phap con lai cho hé sé twong quan thap (R?<0,13). Tuy nhién, dé ap
dung trong thuc té nham kiém soat chat luong thire an, h¢ s6 tuong quan cua phuong phap pH
stat 3 enzyme con tuong ddi thip, can ting sd lwong mau khao sat nhim ting mirc do twong
quan, d¢ chinh xac va d¢ tin cdy ciia phuong phap.

Dbi voi phuong phap pepsin tiéu hoa, khi xét nhitng mau c6 do tiéu hda in vitro < 90%, mbi
twong quan giita in vitro va in vivo kha tuyén tinh (R? = 0,7741). Day ciing la truong hop cin
xem xé€t khi tang sO lugng mau.

TAI LIEU THAM KHAO

Dimes, L. E. & Haard, N. F., 1994. Estimation of protein digestibility — I. Development of an
in vitro method for estimating protein digestibility in salmonids (Salmo gairdneri).
Comparative Biochemistry and Physiology 108A: 349 — 362.

Ezquerra, J. M., Garcia-Carreno, F. L., Civera, R., Haard, N. F., 1997. pH-stat method to
predict protein digestibility in white shrimp (Penaeus vannamei). Aquaculture 157: 251 —
262.

Hsu, H. W., Vavak, D. L., Satterlee, L. D., Miller, G. A., 1977. A multienzyme technique for
estimating protein digestibility. Journal of Food Science 42(5): 1269 — 1271.

Lazo, J. P., Romaire, R. P., Reigh, R. C., 1998. Evaluation of three in vitro enzyme assays for
estimating protein digestibility in the Pacific white shrimp Penaeus vannamei. Journal of the
World Aquaculture Society 29 (4): 441 — 450.

Lemos, D., Lawrence, A.L., Siccardi Ill, A.J., 2009. Prediction of apparent protein
digestibility of ingredients and diets by in vitro pH-stat degree of protein hydrolysis with
species-specific enzymes for juvenile Pacific white shrimp Litopenaeus vannamei.
Aquaculture 295: 89 — 98.

Navarrete del Toro, M. A. & Garcia-Carrefio, F. L., 2002. Evaluation of the progress of
protein hydrolysis. Current Protocols in Food Analytical Chemistry B2.2.1-B2.2.14.
Pedersen, B. & Eggum, B. O., 1983. Prediction of protein digestibility by an in vitro
enzymatic pH-stat procedure. Zeitschrift fiir Tierphysiologie Tiererndhrung und
Futtermittelkunde 49 (1-5): 265 - 277.

Satterlee, L. D., Marshall, H. F., Tennyson, J. M., 1979. Measuring protein quality. Journal of
the American Oil Chemists' Society 56 (3): 103-109.

Siccardi I1I, A. J., 2006. Daily digestible protein and energy requirements for growth and
maintenance of sub-adult Pacific white shrimp (Litopenaeus vannamei). A Dissertation for
Doctor of Philosophy (Major subject: Nutrition). Texas A & M University.

Sigma-Aldrich, 1993. Enzymatic assay of peptidase.

79



