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(54) PHUONG PHAP PHAN TiCH THUC AN CHO LON HOAC GIA CAM

(57) Sang ché dé cap dén hé thdng va phuong phap phan tich thic dn chin nudi va diéu
chinh thtrc dn chin nudi dé cai thién kha ning tiéu hoa cua cac thanh phan trong thirc n
chan nudi. Kha nang ti€u hoa cua thic an chan nuoi co thé duoc xac dinh béng cach thuc
hién budc tiéu héa in vitro thirc dn va phan tich ham luong cac thanh phan du trong thirc dn
sau khi tiéu hoa bang quang phd NIR. Hop phan thirc in chin nudi c6 thé duoc diéu chinh
dé cai thién kha ning tiéu héa cta cac thanh phan trong thirc dn. Hé thong va phuong phap
theo sang ché c6 thé dugc s dung dé xac dinh anh hudng cua chit phu gia 1én kha ning
tiéu hoa cua thtrc an.
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Linh vue ki thuit dwge dé cap

Séang ché & cap dén hé théng va phuong phép diéu chinh thirc &n chin nuoi.
Cu thé 13, séng ché @& cap dén hé théng va phuong phép phan tich in vitro kha ning

tiéu héa cia cc chit dinh dudng trong thitc in chiin nudi.
Tinh trang ky thuat ciia sang ché

Céac chét dinh dudng trong thtrc &n chin nudi thudng duge san xuit & dang
dung ngay dugc cho dong vét thong qua qua trinh tiéu héa thirc dn nay trong duong
da day rudt cua dong vat. Dong vat hép thu va sir dung céc chit dinh dudng duoc
tiéu héa cho ndng lugng, sinh trudng, va phat trién. C4c chét dinh dudng khong dugc
tiéu hoa, hdu hét 13, di qua dudng rudt ciia dong vat lam giam gia tri dinh dudng cia
thirc an. Kha nérig tiéu héa ctia thire #n chin nudi c6 thé duge danh gia bang cach
st dung md hinh tiéu hoéa in-vitro hodc in vivo va phén tich céac chit dinh dudng con
lai trong thic &n duogc ti€u hoa bing cac phuong phap phan tich héa wét. Nhugce
diém cua cac phuong phap hién nay 1a ching chuyén dung cho loai thirc &n cu thé,
tén kém, va ton thoi gian. Do d6, viéc d& xuat phuong phép phan tich kha ning tiéu
hoéa cua thirc n chdn nudi c6 pham vi 4p dung rdng, it tdn kém va it tn thoi gian 13

¢6 lgi dé phan tich kha ning tiéu héa thie an chan nudi.
Ban chét k§ thuit ciia sing ché

Sang ché dé cap dén hé théng va phuong phap phan tich thirc &n chan nudi va
didu chinh thtrc an chan nudi dé cai thién kha ning tidu hoa clia cac thanh phan trong
thtrc &n chin nudi. Cu thé 13, séng ché dé cap dén viéc tiéu hoa mAiu thic an chin
nudi in vitro va phén tich hong ngoai gan (NIR), nhur dugc néu trong ban md ta nay,
mAu cta thirc dn dugc tiéu hoa dé xac dinh kha ning ti€u héa cac thanh phén trong
thirc dn chan nudi. Theo cdc phuong an cua sang ché, mAu thirc #n chin nudi sau khi
tiéu hoa sir dung quy trinh in vitro dugc thiét ké twong tw v&i sy tiéu héa in vivo &

d6ng vat. Mau thic dn chin nudi sau khi tiéu hoa duge quét st dung quang phd NIR
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dé tao ra dit liéu quang phd ma dugc so sanh véi mo hinh trén may tinh dé dua ra
ham luong dy bio cia it nhat mot thanh phén du trong miu thirc dn chin nudi sau
khi tiéu héa. Viéc du bdo ham lwong cua it nhit mot thanh phan du cho phép xac
dinh kha nang tiéu hoa ctia thanh phan d6 trong hop phén thirc &n chin nudi. Vi du,
protein 13 thanh phin cta hop phan thirc &n chin nudi, va sau khi tiéu hoa, lugng
protein du dugc xac dinh va dua ra phép do kha ning tiéu hoéa protein trong mAu
thirc &n chan nudi. Hop ph?m thitc &n chin nudi c6 thé dugc chon va/hodc duogc didu
chinh d& cai thién kha ning tiéu hoa clia cac thanh phan nhu protein, phospho, hydrat
cacbon, chét béo, ning luong téng, hodc chit xo. Viéc diéu chinh hop phén thirc in
chin nudi bao gdm viéc bd sung mét hoic nhidu chét phu gia bd sung sau. C4c chét
phu gia bd sung sau khac nhau cé thé dugc kiém tra d8 xac dinh liéu ring cac chét
phu gia bd sung sau ndy c6 cai thién kha ning tiéu héa cua cac thanh phén trong thirc

dn chin nuoi.

Sang ché d& xuit phuong phéap phan tich thirc &n bao gbm bude tidu hdéa mau
thirc an chan nudi in vitro st dung it nhit mot enzym dé tao ra thirc an chin nudi sau
khi tiéu héa chira it nhét mot thanh phan du; bude quét thirc in chan nudi sau khi
tiéu hoa sir dung quang phd NIR d tao ra dit liéu quang phé; va budc so sanh dit
lidu quang phd cta thanh phén du v&i m hinh trén mdy tinh dé dua ra ham luong
du béo cua it nhat mot thanh phan du trong thirc dn chin nudi sau khi tiéu hoa. Cac
phuong phap nhu dugc mod ta & ddy la cic phuong phép st dung md hinh trén may
tinh NIR d& du bao loai va sb lugng cac thanh phﬁn du ciia mau thirc #n chin nudi
sau khi tiéu héa in vitro. Theo cac phwong 4n, cac phuong phép nay 14 hitu dung dé
lwa chon hop phin thirc dn va/hoic didu chinh hop phén thirc &n dé cai thién kha

ning ti€u hoa cua cac thanh phan thic an.

Theo cac phuong 4n cia sang ché, budc tiéu héa miu thirc &n chin nudi bao
gdm budc nho 13 str dung pepsin hodc pancreatin hodc cé hai. Theo cac phuwong an
khac, budc tiéu héa mAu thirc 3n chin nudi cdn bao gdm budc nh 1 phan tach mau
sau khi tiéu héa thanh thanh phin dang rén va thanh phan dang 16ng, va budc quét
thirc &n chin nudi sau khi tiéu hoa bao gdm budc nhé 12 quét thanh phan dang rén.

Theo cac phuong 4n khac nita, it nhat mot thanh phin du duge chon tir nhém bao
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gbm protein, phospho, chit béo, ning lugng tbng, hydrat cacbon, va chét xo. Theo
cac phuong 4n khéc, mau thirc An chin nudi bao gbm chit phu gia bd sung trudec.

Theo cac phuong 4n, chit phu gia bd sung truée chira it nhét mot enzym.

Theo cac phuong 4n clia sang ché, dit liéu quang phé dugc so sanh st dung
phuong phap dugc thuc hién bing may tinh bao gdm budc thu nhan dit liéu quang
phd tir mAu sau khi tiéu héa va budc so sanh dit liéu quang phd v6i md hinh trén
méy tinh ctia thanh phin du @& thu dwoc ham lugng du béo clia it nhat mot thanh

phén du.

Theo cac phwong 4n cua sang ché, phuong phap theo diém 1, con bao gbm:
buéc didu chinh hop phén thirc #n chin nudi dé thu duge profin dinh dudng dinh
trudc cho dong vat dya trén ham lugng du béo cua it nhét mot thanh phén du cua
mAu thirc #n chin nudi sau khi tiéu hoa. Theo cac phuong an khic, budc diéu chinh
hop ph?m thtrc an chin nudi dé thu duge profin dinh dudng dinh truéc cho ddng vt
bao gdm budc nhé 12 bd sung it nhat mot chit phu gia bd sung sau. Theo céc phuong

an, chit phu gia bd sung sau bao gbm enzym.

Sang ché con d& xudt phuong phép diéu chinh hgp phan thirc in chin nudi bao
gdm cac budc: buéc xac dinh profin dinh dudng dinh trude cua thanh phén thirc an
trong hop phén thirc an chin nudi; buéc dy bio ham lugng clia thanh phén du cia
thénh phén thirc in trong hop phin thirc &n chin nudi bang phwong phap bao gbm
cac budc: bude tiéu hoa miu thirc 3n chin nudi in vitro sir dung it nhit mot enzym
dé tao ra thirc #n chin nudi sau khi tiéu hoa bao gdm it nhat mot thanh phén du; bude
quét thirc an chan nudi sau khi tiéu héa st dung quang phd NIR dé tao ra dit liéu
quang phd; budc so sanh dit liéu quang phd v6i md hinh trén may tinh ciia it nhét
mot thanh phﬁn du dé tao ra ham luong dy bdo cua thanh ph?ln du; va budce diéu
chinh hop phan thitc dn chin nudi dé thu dugc profin dinh dudng dinh truéce cia
thanh phén thire 4n dya trén ham lugng du béo cta it nhat mot thanh phan du. Theo
cac phuong 4n cia sang ché, thanh phén thic dn duge chon tir nhém bao gdm

protein, phospho, chit béo, ning lugng tdng, hydrat cacbon, chit xo va hdn hop ciia
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chung. Theo céc phuong &n khéc, it nh4t mot thanh phan du dugc chon tir nhém bao

gbm protein, phospho, chét béo, ning lugng tdng, hydrat cacbon, va chit xo.

Theo céc phuong 4n cla sang ché, budc tiéu héa mau thirc in chin nudi bao
gbm viéc sir dung pepsin hodc pancreatin hodc ca hai. Theo cdc phuong 4n khéc,
budc tiéu hoa mAu thirc an chin nubi con bao gdm budc nhod 13 phéan tach miu sau
khi tiéu hoa thanh thanh phan dang rin va thanh phan dang 16ng, va budc quét thirc
4n chin nudi sau khi tiéu hoa bao gdbm budc nhé 13 quét thanh phin dang ran. Theo
céc phuong 4n khac, mau thirc &n chin nudi bao gdbm chat phu gia bd sung trude.

Theo cac phwong 4n, chit phu gia bb sung trudc bao gdm it nhit mot enzym.

Theo céc phuong 4n cua sang ché, dit liéu quang phd dwgc so sanh sit dung
phuong phép duge thuc hién bdi may tinh bao gdm bué6c thu nhan dit liéu quang
phd tir mAu sau khi tiéu héa va budc so sanh dit liéu quang phé v6i mé hinh trén
mady tinh cia thanh phin du dé thu dugc ham luong du béo cta it nhit mét thanh

phén du.

Theo céc phuong 4n ciia sang ché, viéc didu chinh hop phan thirc dn chin nubi
bao gdm bd sung chit phu gia bd sung sau vao thirc in. Theo cdc phwong 4n, chét
phu gia bd sung sau bao gom it nhit mot enzym. Theo cac phuong 4an, chét phu gia

b sung sau s& diéu chinh lugng thanh phan du trong thirc #n duoc tiéu héa.

Séang ché ciing d& xuét phuong phap xdy dung md hinh trén may tinh phén tich
thirc 3n bao gdm céc bude: bude tidu hoa in vitro da s6 cac mAu thirc an chin nudi
st dung it nhét mot enzym dé tao ra da sb cac miu thirc dn chin nudi sau khi tidu
hoa, trong d6 mdi mau trong da sd cac mau thirc &n chin nudi sau khi tiéu héa bao
gdm it nh4t mot thanh phdn du; bude quét mdi mau trong da sd cdc miu thirc an
chiin nudi sau khi tiéu héa st dung quang phd NIR dé tao ra dit liéu quang phd cho
mdi mau trong da sé cdc mAu thirc dn chin nudi sau khi tiéu héa; budce xac dinh ham
lugng cla it nhit mot thanh phin du trong mdi miu trong da s6 cic miu thic an
chin nudi sau khi tiéu hoa st dung phuong phép hda udt; va budce tao ra mo hinh

trén may tinh bang cach thiét 1ap mdi quan hé du bao dugc gitta ham lugng cua it
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nhét mot thanh phan du cia m&i mAu trong da s6 cdc mAu thirc &n chan nudi sau khi
tiéu hoa va dir lidu quang phd ciia miu tuong tmg trong da sb cdc miu thirc &n chin

nudi sau khi tiéu hoa.

Theo mdt s6 phuong 4n theo sang ché, budc quét m&i mAu trong da sé cac miu
thirc an sau khi tiéu hoa con bao gdm budc xir Iy todn hoc dit liéu quang phd cta
mdi mAu trong da s§ cac miu thirc &n chin nudi sau khi tiéu héa. Theo céc phuong
4n khéc, budc tao ra md hinh trén mdy tinh bao gdm phwong phap dugc thuc hién
bing mdy tinh bao gdm cac budc: budc thu nhan dit liéu quang phd cho mdi miu
trong da sd cac mau thirc in chin nudi sau khi ti€u hoa; budce lién két dit liéu quang
phé cho mdi miu trong da s6 cac miu thirc in chin nudi sau khi tiéu héa véi ham
lugng cta it nhit mot thanh phin du trong mAu twong tng trong da s cic mau thirc
4n chin nudi sau khi tiéu hoa; va budc thiét 1ap mbi quan hé dy bdo dugc dya trén
dit liéu quang phé va ham lugng ciia it nhat mot thanh phin du trong da sb cac miu

thirc dn chin nudi sau khi ti€u hoa d€ tao ra md hinh trén may tinh.

Theo cac phuong an cia séang ché, viéc tiéu hoa da sb cac mAu thirc 4n chin
nudi bao gdm sir dung pepsin hoic pancreatin hosc ca hai. Theo cac phuong én khéc,
buéc tiéu hoa mAu thirc dn chin nudi con bao gdm budc nho 14 phan tach mau sau
khi tiéu hoa thanh thanh phin dang rin va thanh phan dang 16ng, va budc quét thirc
an chan nudi sau khi tiéu hoa bao gdm budc nho 14 quét thanh phan dang 1'5n. Theo
cac phuong 4n khéc nita, it nhit mot thanh phan du duge chon tir nhém bao gom

protein, phospho, chét béo, ning lugng tdng, hydrat cacbon, va chat xo.

Theo céc phuong 4n cua sang ché, phuong phép hoa uét bao gdm budc phan
tich m&i mAu trong da s§ cac mAu thirc &n sau khi tiéu hoa cho ham lugng ctia it nhit
mot thanh phan du duogc chon tir nhém bao gbm protein, phospho, chit béo, ning
lwong tdng, hydrat cacbon, va chét xo. Theo céc phuong 4n khéc, phuong phép héa
w6t bao gdbm budc tron thanh phin dang rin vé6i chat 16ng dé tao thanh hdn hop; va
buéc phén tich hop phin ciia hdn hgp cho ham lugng cua it nhét mot thanh phan du
dugc chon tLr nhém bao gdm protein, phospho, chit béo, ning luong tong, hydrat
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cacbon, va chét xo trong mdi mau trong da s6 cdc mau thirc an chan nudi sau khi

ti€u hoa.
MG ta véin tit cdc hinh vé
Fig. 1 thé hién gian dd cho cac phuong 4n clia cac phuong phép theo sang ché.

Fig. 2 thé hién dit liéu quang phd NIR minh hoa clia cac mau thire &n cho gia

cAm dugc xir Iy theo mdt phuong 4n cia séng ché.

Fig. 3 thé hién md hinh NIR cho protein trong thirc &n cho gia cAm duogc xir Iy

theo phuong 4n cua sang ché.

Fig. 4 thé hién mo hinh NIR cho phospho trong thirc &n cho gia cAm dugc xir

ly theo phuong 4n cia sang ché.

Fig. 5 thé hién md hinh NIR cho ning luong tdng trong thirc #n cho gia cAm

duoc xtr ly theo phuong 4n cia sang ché.

Fig. 6 thé hién dit liéu quang phd NIR minh hoa cho céc mau thirc dn cho lon

duoc xt Iy theo phuong &n cua sang ché.

Fig. 7 thé hién md hinh NIR cho protein trong thirc &n cho lgn dugce xit ly theo

phuong 4n cia sang ché.

Fig. 8 thé hién mo hinh NIR cho nang luong tdng trong thirc in cho lon dugc

xtt Iy theo phuong an cua sang ché.
MO ta chi tiét sang ché
Pinh nghia

Mao tir “mot” dugc st dung & day dé chi mot hoic nhiéu hon mot (tic 1a it
nhét mot) d6i tuong ngit phdp cia mao tir d6. Vi dy, “mot yéu t6” nghia 1 mdt yéu

t0 hodc nhi€u hon mot yeu to.
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Nhu duge st dung & ban mo ta ndy, thuét ngir “chit phu gia” chi chét dugc b
sung vao chét khac. Vi dy, chit phu gia c6 thé dugc bd sung vao thirc &n chin nudi
dé cai thién kha nang tiéu héa ctia mot hodc nhidu thanh phin thirc an. Chét phy gia
bao gdm enzym, hdn hop cdc enzym, protein, vitamin, khoéng chit, ngii cbc,
maltodextrin, chit bd trg, va hdn hgp cia ching. “Chét phu gia bd sung truéc” 13
chét 1am thanh phdn ciia mAu thirc &n chin nuéi va khdng duge bd sung vao méau
thic #n tai thoi diém hodc ngay trude khi phén tich. Chét phu gia bd sung trudc
thuong di c6 sin trong thirc &n chin nudi dugce st dung trong linh vyc va bao gom,
nhung khong bi gidi han &, enzym hodc hdn hop clia cac enzym. “Chét phu gia bd
sung sau” 1a chét dugc bd sung vao miu hop phén thirc dn chin nudi tai thoi diém
hodc ngay trude khi phan tich. Chét phu gia bd sung sau thudng duge bd sung vao
mAu thirc in dé x4c dinh xem chét phu gia bd sung sau c6 lam thay d6i kha nang tiéu
héa cta thanh phén thirc dn hay khong va bao gbm, nhung khong bi gi6i han 0,

enzym hoic hdn hop cia enzym.

Nhu duge st dung & ban md ta nay, thuat ngi “chét phéan tich” chi thanh phan
hoa hoc, ma dic tinh ciia né (vi du, ham lugng) dugc xac dinh bﬁng cach st dung

quy trinh phan tich.

Nhu duge sir dung & ban md ta ndy, thuat ngit “dong vat” chi dong vat khong
phai ngudi dugc nudi hodc duge sir dung lam nguén thirc dn. Vi duy, dong véat bao
gf‘)m, nhung khong bi gidi han &, vat nudi dugc thudn héa nhu gia stc, dé, clru, ngya,
gia cam, trau, lac dd Nam MY, lac da khong buéu, lira, la, tho, ga, ngdng, ga tay,

hoac lgn.

Nhu dugce st dung & ban mo ta nay, thuat ngit “mo hinh trén may tinh” chi md
hinh ¢6 tinh dy bdo ham lugng cua thanh ph?m hdn hop (vi du, thitc &n) dua trén dit
liéu quang phé thu duge, vi dy, bang NIR. Theo cdc phuong 4n cla séng ché, dit lidu
quang phé tir m8i mAu trong da s6 cac mau lién quan t6i ham lugng clia thanh phin
du nhu dugc x4c dinh bing cic phuong phép phén tich hoa w6t cho mbi mau. Mo

hinh c6 thé dugc sir dung dé dua ra lugng dy béo (vi du, ham luong) ctia thanh phén
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ctia mAu khong x4c dinh bing cach so sanh quang pho ctia miu khong xéac dinh voi
md hinh.

99 46

Nhu duoc st dung & ban md ta nay, thudt ngit “vi¢c tiéu héa”, “sau khi ti€u
ho6a”, va “su tiéu hoa” chi viéc thay ddi nguyén liéu bang céch phé4 v& hodc phan hity
cac thanh phan ctia n6. Theo mt s6 phwong an, tiéu hoa 1a qud trinh in vitro sir dung,

vi du, nhiét, hoa chét, va/hoic enzym d& pha v cac thanh phan nguyén liéu.

Nhu dugc st dung & ban mo ta nay, thuét ngtr “thirc &n” hodc “thirc &n chin
nudi” chi nguyén li€u dugc dong vat ti€u thu va gop phén tao ra ning lugng va/hodc
c4c chét dinh dudng cho ché d n ciia dong vat. Thirc &n chin nudi thudng bao gbdbm
s6 lwong cac thanh phin khéc nhau c6 thé ¢4 & dang nhu dic, dong san pham tron
trude, hodc vién nho. Cac vi du vé thirc 3n va cac thanh phén thirc dn bao gém,
nhung khong bi giéi han &, khiu phan tron hoan chinh (TMR), ngd, dau nanh, co,
ngii cdc, ngil cbe tir may chung cht, ngii cdc nay mam, cic loai ddu, vitamin, axit
amin, khoang chét, mét mia, chét xo, rom khd, cd, ¢é kho, rom ra, ¢6 0 tuoi, hat, 14,
bot, chit hoa tan, va chit bd trg. Mot s§ thanh phin hodc cac phan cia cac thanh
phén thirc dn chan nudi c6 thé phat hién dugc bang Quang phd hdng ngoai gin (NIR).
Céc thanh phan khic clia thic &n chin nu6i khong phat hién dugc hodc c6 thé phat
hién yéu bing NIR bdi vi ham lugng thip, nim trong phitc hé che mét thanh phan,
hoiic vi cdc dic tinh vat Iy hodc héa hoc cta thanh phén lam ching khong phat hién

dugc bang NIR.

Nhu dugc sir dung & ban mo ta nay, thuat ngit "in vivo" chi cdc qua trinh xay

ra bén trong sinh vat song.

Nhu duge str dung & ban md ta nay, thuat ngit "in vitro" chi cac qua trinh xay
ra trong moi trudng nhan tao bén ngoai sinh vét sbng va chi cac qua trinh hogc phan
{ing sinh hoc thudng xay ra bén trong sinh vat nhung dugc 1am cho xay ra trong moi
truong nhan tao. Moi trudng in vitro ¢ thé bao gdm, nhung khong bi gi6i han &,

ong nghiém va nudi cay té bao.
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Nhu duoc st dung & ban md ta nay, thuat ngit “chit dinh dudng” chi chét cin
cho sinh v4t séng va/hoic sinh truéng, Céc chit dinh dudng bao gdm, nhung khéng
bi gi6i han &, cac hop chét nhu protein, chét béo, hydrat cacbon (vi dy, dudng), chat
X0, vitamin, canxi, s&t, niaxin, nito, oxy, cacbon, phospho, kali, natri clorua, va hén

hgp cua ching.

Nhu duge sit dung & ban mo ta nady, thuét ngir “quang phd NIR” hoic “NIR”
chi viéc quét va do do hép thu ctia cac mAu st dung buc xa hdng ngoai gan véi budc
séng nim trong khoang 800-2500 nm dé tao ra quang phd hép thu. NIR dugc st
dung dé do do hép thu bang lién két hoa hoc giy ra béi hoa am cao va cac dao dong
két hop va 1a phuong phdp phén tich dinh lugng gian tiép hiru ich nhét. Quang phd
NIR dugc st dung dé du bao lugng hoic kidu thanh phdn héa hoc ciia chét bang
céch so sanh quang phd thu dugc bang cach quét mau véi sy hidu chuén (vi du, mo
hinh trén méy tinh). Quang phé c6 thé con dugc xtt Iy todn hoc, vi dy, bang céch
bién dbi Fourier. Quang phd ké NIR c6 thé dwoc tao cdu hinh d van hanh & ché do
phé’m xa hodc truyén qua. Céc vidu cu thé vé thiét bj NIR bao gém Bruker MPA FT-
NIR (c6 tir Bruker Optics, Inc., Billerica, MA), va mdy phén tich Antaris™ FT-NIR
(c6 tir Thermo Scientific & Waltham, MA).

Nhu duge st dung & bvén mo ta nay, “profin dinh d&éng dinh trudc” chi lugng
thanh phén thire n hodc cdc thanh phin trong thirc in chin nudi mong muéri cho
dic tinh lién quan 1a khé ning tiéu hoa. Nha dinh dudng hoc hodc ngudi nong dan
c6 thé dit lugng thanh phan mong mudn trong thte an cy thé. Vi du, lugng protein
hodc chit phu gia trong thirc &n chdn nu6i co6 thé cAn dugc didu chinh dé xem xét
kha ning tiéu hoa protein trong thirc &n chan nudi nhu dugce xac dinh st dung cac
phuong phap duge mo ta & ddy. Thic &n chin nudi ¢6 protein & dang kho ti€u hoa
c6 thé cin ting protein trong thirc #n chin nudi va/hodic b sung chét phu gia b sung
saﬁ lam téhg kha nang tiéu hoa protein trong thirc &n chdn nudi d6 dé thu dugc lugng

mong muon.

Nhu dugce st dung & ban mo ta nay, “ham luong du bao” chi lugng chét dinh

dudng hodc thanh phén du dugc phat hién trong mAu thire an sau khi tidu héa bing
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cach st dung quang phd NIR va mo hinh trén mdy tinh. Theo cac phuong 4n cia
sang ché, thirc an chin nudi sau khi tiéu héa dugc quét sit dung quang phd NIR dé
tao ra dir liéu quang phd; va dit liéu quang phd dugc so sanh véi md hinh trén may
tinh cta it nhat mot thanh ph?ln du @& tao ra ham luong du béo cua it nhét mot thanh
phén du trong thitc &n chin nudi sau khi tiéu hoéa. Ham lugng dy béo 13 udc tinh cia

ham luwong thuc té cla it nhat mét thanh phén du trong mu.

Nhu duge st dung & ban md ta ndy, thuat ngit “thanh phan du” chi thanh phén
con lai trong hdn hop sau khi mot hodc nhidu thanh phan dugc loai khéi hdn hop
va/hoidc dugc thay ddi trong hdn hgp. Theo cdc phuong 4n cua séng ché, thanh phan
du 13 thanh phan riéng 18 bao gdm, nhung khong bi gi6i han &, protein, phospho,
chét béo, hydrat cacbon, va chét xo. Theo c4c phuong 4n khac, thanh phén du 13 dic
tinh cia mau sau khi tiéu hoéa bao gbdm nhung khong giéi han & do 4m, nang luong

tdng, va ham luong tro.

Nhu dugc st dung & ban mo ta nay, thuat ngit “mau thirc an chin nudi” chi
phén dai dién cho thic &n chin nudi. Theo cac phuong 4n cia sang ché, phan dai
dién cho thitc #n chin nudi chira cac thanh phin twong tu véi ty 1§ twong tu trong

thirc n chan nudi. Mau dai dién t6t hon 1a ddng nhét hodc gan nhu déng nhét.

Nhu duoc st dung & ban mo ta nay, thuat ngtr “di liéu quang phd” chi dit liéu
thu dugc khi birc xa twong tac véi nguyén li¢u. Vi duy, dit liéu quang phé thu duoc
khi birc xa & budc séng hdng ngoai gin tuong tac véi nguyén lidu va dugce hép thu
bdi cac dao dong cia lién két hoa hoc trong nguyén liéu. Cuong do hép thu c6 thé
duoc xac dinh bang cach do lugng birc xa phén xa lai tir nguyén liéu hodc truyén
qua nguyén liéu & budce song da cho. Cuong do hép thu & budc séng da cho dép tng

vé6i lugng va kidu lién két hoa hoc trong nguyén liéu.
M0 ta chi tiét sang ché

Sang ché dé xuét hé thdng va phuong phép phan tich thirc &n chan nudi. Cu thé
13, sang ché @& xult hé théng va phuong phép phan tich kha ning tiéu hoa cac thanh

phén thirc in trong thirc in chin nudi. Ngoai ra, hé théng va phuong phép theo sang
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ché duoc st dung dé xac dinh anh huéng clia chét phy gia bd sung truée va/hoic

chét phu gia bd sung sau 1én kha ning tiéu héa cta thanh phén thirc an.

Céc phuong phap phan tich thirc &n chdn nudi cho céc thanh phén thirc an lién
quan dén cac quy trinh (vi dy, cdc phuong phéap tiéu héa va cic phwong phép hoéa
u6t) ton tidn va tén thoi gian, thudng can nhiéu phan thiét bj phong thi nghiém va
nhiéu thir nghiém cho céc thanh phén khac nhau. Mot phan tich st dung c4c phuong
phap héa w6t kéo theo sy phan chia mu thanh cac phén khéc nhau dé phan tich cac
thanh phén du nhu protein, dudng, phospho, ning lugng tdng, va chat béo. Phan tich

nay lam héng mau.

Nguoc lai, hé théng va phuong phap dugc d& xuét trong sang ché dua ra ham
luong dyu bao cia nhiéu thanh phan sir dung mot miu, 1 nhanh, 1am gidm thoi gian
va chi phi phan tich, va cho phép diéu chinh hop phén thirc dn dé cai thién kha ning

tiéu hoa cta cac thanh phén thirc n trong hop phén thirc an chin nudi.
Hé théng va phuong phép xay dung md hinh trén may tinh

Sang ché @& xuét phuong phép xay dung md hinh trén may tinh phan tich thic
dn bao g@)m cac budce: budc tiéu hoa in vitro da s6 cac mau thirc &n chin nudi st
dung it nhit mot enzym détaorada s6 mAu thirc dn chin nudi sau khi tiéu héa, trong
d6 m3i mAu trong da sb cdc mAu thirc &n chin nudi sau khi tiéu héa bao gdm it nhét
mdt thanh phin du; budc quét mdi miu trong da s6 cac miu thirc #n chin nudi sau
khi tiéu hoa st dung quang phd NIR dé tao ra dit liéu quang phd cho mdi mau trong
da s cac mau thirc an chin nudi sau khi tiéu hda; budc xac dinh ham lugng cua it
nhét mot thanh phan du trong mdi miu trong da s6 cdc mau thirc &n chin nudi sau
khi tiéu hoa st dung phuong phap hoéa uét; va budce tao ra mb hinh trén may tinh
bing céch thiét 1ap mébi quan hé dy béo dugc gitta ham lugng cia it nhat mot thanh
phan du ctia mdi mAu trong da sb cac mau thire dn chin nudi sau khi tiéu hoa véi dit
liéu quang phd ctia mAu tuong ung trong da s cac mau thirc n chin nudi sau khi

tiéu hoa.

Thir nghiém tiéu hoa in vitro
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Dé x4y dung m6 hinh trén may tinh, da s6 cac mau thirc &n sau khi tiéu hoa
duoc tao ra va dugc phén tich. Céac mau thirc dn chin nudi sau khi tiéu hoa in vitro

sir dung it nhit mot enzym.

Céc thanh phan ctia cdc mu thirc an chin nudi khac nhau phu thude vao ngudn
ctia mAu thire &n. Vi dy, nong trai nim & cac ving dia Iy khac nhau va/hodc c6 cac
gidng dong vat khic nhau c6 thé c6 thirc an véi cac thanh phin khac nhau. Ngoai ra,
nha dinh dudng hoc hodc ngudi nong dan céd thé thiét 1ap lwong thanh phin mong
mudn trong thirc #n cu thé hoic chon thirc #in cu thé dya trén lugng thanh phz‘?ln mong
mudn. Céc vi dy v& thirc an va céc thanh phén thirc &n bao gbm, nhung khong bi gidi
han &, khiu phz“m tron hoan chinh (TMR), ngd, ddu nanh, co, ngii cde, ngli cbe tir
may chung cét, ngil cbe nay mam, cac loai du, vitamin, axit amin, khoang chét, mat
mia, chit xo, rom khd, co, cé khd, rom ra, ¢ 0 tuoi, hat, 14, bot, chét hoa tan, va

chét b tro.

Theo cac phuong 4n ctia sang ché, da sb cac mAu thirc in chin nudi khac nhau
cho dong vét cu thé nhu gia cAm hoic lon dugc tiéu héa. Da s6 cac miu c6 sd lugng
m3u di dé tao ra md hinh trén méy tinh v6i hé sb gia tri quyét dinh (R?) 12 it nhét
50, 60, 70, 80, 90, hoac 100, hoic sé bt ky gira 50 va 100. Theo céc phuong 4n ciia
sang ché, da sb cac miu bao gE‘)fn it nhét 25, 35, 50, hodc 100 hodic nhiéu mAu hon.

Theo cac phuong 4n cu thé, da s6 cac mAu bao gdm it nhat 50 mau riéng biét.

Theo céc phuong 4n ctia sang ché, mdi mAu sau khi tiéu héa in vitro véi it nhat
mot enzym. Theo cac phuong én ciia sang ché, enzym va cac diéu kién tiéu héa dugc
chon dé turong tu véi tiéu hoa in vivo cua loai dong vat. Theo céc phuong 4n, dong
vat 1a dong vat c6 mot da day. Theo cac phuong 4n, dong vat la lgn hodc gia cAm.
Vi du, mot enzym lién quan t6i tiéu hoa & da day 1a pepsin, va enzym lién quan t&i
tiéu hda & rudt 1a pancreatin. Mot hodc ca hai enzym trong s6 cac enzym nay duoc

sttu dung trong thir nghiém tiéu hoéa in vitro.

Theo c4c phuong 4n ciia sang ché, pepsin duoc st dung & do pH axit 1a thip

hon 7, 6, 5, 4, 3, 2 hoic sb bat ky gitta ching. Theo mot s6 phuong 4n, viéc tiéu hoa
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v6i pepsin dugc tién hanh trong thdi gian twong ng véi tiéu hoa in vivo trong da
day cta dong vat, vi du, it nhit trong khoang tir 1 dén 6 gidr d6i véi lon. Vi dy, trong
khoang tir 30 phit dén 2 gid d6i v6i gia cAm. Cac diéu kién cta d¢ pH, nhiét do, va

thoi gian c6 thé dugc diéu chinh phy thudce vao loai dong vét.

Theo cac phuong én cua sang ché, mAu dugc tiéu héa véi pancreatin. Khi mau
duoc tiéu hda vGi pancreatin, viéc tiéu hoa dugc tién hanh & d6 pH 1a it nhét 6,0.
Theo mdt sb phwong 4n, su tiéu hoa véi pancreatin dugc tién hanh trong thoi gian
tuong (ng véi sy tiéu hoa in vivo & rudt ciia dong vat, vi du, it nhét trong khoang tir
18 gidr dén 48 gidr ddi v6i lon. Vi dy, trong khoang tir 30 phut dén 2 gidr déi gia cam.
Cac didu kién cia do pH, nhiét do, va thoi gian c6 thé dugc diéu chinh phy thude

vao loai dong vat.

Theo mdt s6 phuong 4n, miu thirc &n chin nudi duge tiéu héa vaéi pepsin sau
do tiéu héa véi pancreatin trong didu kién tuong ty vai tiéu hoéa in vivo clia mau &
dong vat. BPong vit bao gém dong vat dugce nudi hodc duge sir dung nguén thic an
bao gdm nhung khong gi¢i han & gia stc, dé, clru, ngya, gia cam, trau, lac da Nam

MY, lac da khong buéu, lira, la, thd, ga, ngdng, ga tay, hodc lon.

Theo mét s6 phuong 4n theo sang ché, céc bude co thé co nhidu hon hoic it
hon trong thtt nghiém tiéu héa in vitro phy thudc vao qua trinh ti€u hoa in vivo cia
dong vat. Vi dy, dbi véi lon, thit nghiém ti€u héa in vitro bao gbm, nhung khong bi
gidi han ¢, giai doan ¢ da day, va giai doan & rut. Vi du, d6i véi gia cAm thr nghiém
tiéu hoa in vitro bao gdm, nhung khong bi gi6i han &, giai doan & diéu, giai doan &
mé, va giai doan & rudt non. Trong giai doan & da day hodc diéu, su tiéu héa duge
tién hanh & d6 pH axit va bao gbdm enzym nhu pepsin. Trong giai doan & rudt, su
tiéu héa dugc tién hanh & d6 pH trung tinh dén d6 pH axit nhe va bao gbm enzym
nhu péncreatin. Céac enzym ti€u hoa khéac co thé dugc st dung. Mot hoic nhiéu
enzym tiéu hoa duge sit dung trong mot giai doan bét ky hoic trong cic giai doan

két hop bat ky.
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Cac mAu thtrc an chin nudi sau khi tiéu hoa bao gdm it nhit mot thanh phan
du. Thanh phan du 1a thanh phan c6 thé con lai sau khi tiéu hoa thanh phan thirc &n
trong mAu thirc an. Vi dy, thanh phan thirc an trong mau thirc an 13 protein nhung
khong phai tit ca c4c protein c6 thé dugc tiéu hoa in vivo hodc trong thit nghiém in
vitro sao cho thanh phan protein du con lai sau khi tiéu hoa. Cac thanh phén du khac

bao gdm phospho, chét béo, ning lugng tbng, hydrat cacbon, hodc chét xo.

Theo cac phuong 4n cua sang ché, phuong phép tiéu héa da s6 cac mau bao
gbm budc phan tdch mdi mau thanh thanh phén dang 1éng va thanh phén dang rén.

Thong thudng su phan tach nay xay ra bing cach str dung ly tdm, hogc loc.

M3i mau trong da so cdc mau sau khi tiéu héa duogc phan tich bang quang pho

NIR va cac phuong phép hoa uét.
Quang phd NIR

M&i m3u trong da sb cac mAu thirc an chin nudi sau khi tiéu héa duge quét
bang cach st dung quang phd NIR dé tao ra dit liéu quang phd. Quang phé héng
ngoai gan (NIR, con duoc biét dén 1a NIRS) 14 k§ thuat quang phd dugc st dung dé
dua ra ham luong du béo cua it nhét mot thanh phé”m du ctia miu (vi dy, ham luong
chét phan tich). NIR dwa vao budc séng nim trong khoang 800-2500 nm, va 13 hitu
ich nhit dé x4ac dinh hoa 4m cao va cac dao dong két hop trong phan tir. B&i vi phép
do NIR thudng can it hogc khong cin chun bj mAu, hiu hét cac mau c6 thé duoc do

ma khong can xit 1y so b, diéu chinh, hodc ph4 hiy.

Thiét bi NIR tiéu chuén thuong quét mau nhiéu 1an trong khoang budc séng
duoc chon va 14y trung binh cia viéc quét dé dwa ra quang phd. Cac thiét bi NIR c6
thé dugc cAu tao dé do do truyén qua cia cic miu trong sudt hodc do phan xa cua
c4c mau bi duc. B&i vi sy chdng chéo dang ké trong hoa 4m cao va céc dai phén tir
két hop, ky thuat NIR thuong dyua trén k§ thuét hicu chuén da bién. M6 hinh trén
may tinh NIR c6 thé bao gbm mo hinh (vi dy, hiéu chuin) cho nhiéu chét phén tich

va ¢6 thé bao gdm hang chuc, hang trdm hogc thdm chi hang nghin mau.
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Theo céc phuong an cua sang ché, dir liéu quang phd dugc xir ly dé dit n6 &
dang hiru ich dé tao ra md hinh. Theo c4c phuong 4n cua séng ché, dir lidu quang
phé dugc xit Iy toan hoc d& lam t6i thiéu tin hiéu nhidu, chiét xuét cac thanh phan

chinh, va/ hodc @€ loai trir tin hi€u nén.

Theo cac phuong an cia séng ché, cac mau sau khi tiéu héa dugc phan tach
thanh thanh phin dang 16ng va thanh phén dang rin va thanh phin dang rin nay
dugc quét. Thanh phin dang rén bao gbm it nhit mot thanh phan du. Quét NIR ¢6
thé phat hién nhidu hon mot thanh phin ctia hdn hgp ciing nhu dwa ra ham lugng dy
béo ctia mdi thanh phn trong sb cac thanh phén trong hdn hop. Quét NIR tao ra dit
liéu quang phé duge sir dung dé xay dung mod hinh trén may tinh cho mdi thanh phéan

du trong sb céc thanh phén du.
Phan tich hoa hoc

Cac mau duoc quét trén NIR cling duge phén tich st dung cac phuong phap
phan tich chinh, tirc 13, cac phuong phap héa uét. Cac phuong phap héa uét bao
gbm cac phuong phap tham khéo chinh dugc sir dung dé phan tich cc thanh phén
nhu protein, phospho, chét béo, ning lrong tong, hydrat cacbon, hogc chét xo. Cac
thir nghiém nay dugc biét dén béi ngudi c6 hiéu biét trung binh trong linh vuc. Déi
v6i protein, cdc phuong phap phéan tich bao gbm viéc x4c dinh nito va phan tich bi
quang phd tia cuc tim nhin thdy dugc. Pbi v6i phospho, céc phuong phap phén tich
bao gdm viéc x4c dinh phospho bang hé théng plasma ghép cip cam Ung. Ning

lwong tdng c6 thé dwgc x4c dinh trong may do nhiét lwong binh cao ap.

Céac phuong phap hoa hoc phan tich ¢ thé dugc st dung cho cidc miu dang
long hodc dang kho. Theo cac phuong én cua sing ché, mAu sau khi tiéu héa duge
phén tach thanh thanh phén dang 1éng va thanh phan dang rin. Ca hai thanh phin ¢6
thé dwgc phén tich sir dung cac phuong phap héa wét. Vi dy, phospho dugc giai
phong c6 thé dugc x4c dinh trong thanh phén dang 16ng va phospho du c6 thé duoc

xéc dinh trong thanh phin dang ran. Theo mot s6 phwong 4n, thanh phan dang rin
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duge tron voi chét l6ng dé tao thuan loi cho phén tich hoa uét it nhét mot thanh phe‘in

du trong thanh phin dang rén.

Phan tich héa w6t cung cAp ham lwong cua it nhit mét thanh phén du trong mdi
mau sau khi tiéu héa. Theo c4c phuong 4n cua sang ché, nhiéu thanh phén du dugc

do.
Tao ra m6 hinh trén may tinh

Theo cac phuong 4n cua sang ché, phwong phép bao gbm viéc tao ra md hinh
trén may tinh bang cach thiét 1ap mdi quan hé du bo duge gilta ham lugng cla it
nhét mot thanh phan du cia mdi mAu trong da sé cdc mAu thirc in chin nudi sau khi
tiéu hoa véi dit lidu quang phd ciia mau tuong tmg ciia mdi mAu trong da s cic miu

thirc dn chan nudi sau khi ti€u hoa.

Quang phd clia cdc mau khac nhau c6 lién quan téi cac két qua hoa uét sir dung
X1t ly toan hoc cua dir liéu bing phuong phap dugc thuc hién bing may tinh dé tao
hidu chuin. Theo céc phuwong 4n clia sang ché, phuong phap dugc thyc hién bing
may tinh bao gdm céc budc: bude thu nhén dit liéu quang phd cho mdi miu trong
da s cac mAu thirc &n chin nudi sau khi tiéu héa; budc lién két dit liéu quang phd
cho mdi mAu trong da sb cac mau thirc &n chin nudi sau khi ti€u héa véi ham lugng
ctia it nhdt mot thanh phin du trong miu twong g ciia m&i miu trong da s6 cac
mau thirc #n chin nudi sau khi tiéu héa; va bude thiéf lap mbi quan hé dy bao duoc
dua trén dit liéu quang phd va ham lugng cua it nhét mot thanh phan du trong mdi
mau trong da sb cac mAu thirc &n chan nudi sau khi ti€u hoa dé tao ra mo hinh trén

may tinh.

Dit liéu quang phd dugc tao ra sau khi quét cdc mau sau khi tiéu hoa. Dit liéu
quang phé cé. thé duoc xu ly toan hoc dé dit n6 & dang hitu ich dé tao ra mé hinh.
Theo cac phuong an cua sang ché, dir liéu quang phd dugc xir Iy toan hoc dé giam
t51 thidu tin hiéu nhiu, chiét xuét céc thanh phin chinh, v/ hodc d& loai bo tin hiéu

nén.
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Dit liéu quang phd tir mdi m3u sau d6 lién quan ti ham heong ciia it nhat mot
thanh phin du ciia miu turong tng nhu duge xdc dinh bing céc phwong phép hoa
w6t. Lién hé dit liéu quang phd véi ham luong ctia it nhat mot thanh phén du xay ra
khi ham luong cta it nhat mot thanh phin du cho miu cu thé 1a dAu vao cho quang

phd ké NIR.

M&i quan hé gitta him luong cua it nhét mot thanh phan du trong mdi mau
trong da s6 cac miu dugc sir dung dé tao ra md hinh st dung mdt hodc nhiéu cac
phuong phép thdng ké dé thiét 1ap mdi quan hé du béo giita ham lwong cua it nhat
mot thanh phéan du trong mau va dit liéu quang phé cho dit liéu d6. Cac phuong phép
thdng ké bao gdm phan tich thanh phén chinh, phan tich hdi quy tuyén tinh, hogc
phan tich binh phuong it nhit mét phan. S6 lwong cac phuwong phap théng ké bat ky
c6 thé duoc st dung dé xay dyng md hinh trén may tinh cho thanh phan du d6.

Theo cc phuong 4n clia sang ché, mo hinh NIR dugc xac dinh bang hé s xéc
dinh, gi4 tri R%, phan 4nh ning lyc du bao m6 hinh trén mdy tinh. Theo cac phuong
4n cua sang ché, gia tri R? cia mo hinh trén may tinh 13 it nhét 50, 60, 70, 80, 90,
hogic 100, hoic sb bat ky giita 50 va 100.

MO hinh trén mdy tinh thuong dugce xac nhan stt dung phuong phap xac nhén.
Theo céc phwong 4n cia sang ché, phuong phap x4c nhan 1a phuong phép dugc thuc
hién bing may tinh trong d6 da s cic miu dugc chia thanh bd xay dyng md hinh
va bd xé4c nhan. Viéc phéan chia cdc miu vao mot bd thudng duge thuc hién mot cach
ngau nhién. Dit liéu tr b xay dung md hinh dugc sit dung dé xay dyng mé hinh nhu
duge md ta & day. Dir lidu tir bd x4c nhan dugce sir dung dé kiém tra nang lyc du béo
ctia md hinh. Cac miu ciia bd xac nhin dugc thir nghiém so v6i mod hinh dé tao ra
ham lugng du béo cua it nhit mot thanh phan du. Ham lugng du bao niy sau d6
duoc so sanh v4i ham lugng thuc té ciia miu nhu dugc xac dinh béng hoéa uét. Su
so sanh ne‘iy cho phép x4c dinh gi4 tri R? va /hodc sai s6 chuén. Céc kiéu xac nhan

khéac nhu phuong phép xac nhan dé lai mot mau c6 thé dugce st dung.
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Sau khi m6 hinh trén mdy tinh dugc tao ra, né dugc luu trit trong quang phd
ké NIR. Theo c4c phuong 4n cua sang ché, quang phd ké NIR bao gbm bo vi xir ly
va bd nhé c¢6 huéng din dé thuc hién cic thao tic may tinh dé tao ra md hinh trén
may tinh hodc x4c nhan md hinh trén may tinh nhu dugc md ta & day. Theo cac
phuong &n cua sang ché, bd nhé dong vai trd luu trit mo hinh trén may tinh cho mbi
thanh phan du, vd/hodic co s& dit liéu cua dit liéu quang phd cho mdi mAu. M6 hinh
trén mdy tinh 12 hitu ich d& dua ra ham luong dy bdo ciia it nhét mot thanh phén du

cta mau voi ham lugng khong x4c dinh cua it nhit mot thanh phan du.

Theo cac phuong an cia sang ché, cac hé théng theo sang ché bao gbdm hé
théng va thiét bi thich hop d8 tién hanh sy tiéu héa in vitro cdc miu thirc &n va phén
tich NIR cac mau sau khi tiéu héa. Theo cac phuong an khéc, cac hé théng theo sang
ché con bao gdm cac hé théng va thiét bi thich hop dé tién hanh phén tich héa uét
céc mAu sau khi tiéu hoa. Theo cac phuong 4n minh hoa, hé théng c6 thé bao gdbm
thié_t bi thi nghiém fhc‘)ng thudng va dé thuy tinh, nhu binh thi nghiém, cde thi
nghiém, ng thi nghiém, cén, pipet, may 0 nhiét, may lic, may khudy, bé nudc, v.v..
Hé théng c6 thé con bao gdbm mdy phén tich, nhu ICP, may phan tich nito, va may

do nhiét lwvgng binh cao ap.

Theo cac phuong an, hé théng con bao gdm méy phan tich NIR dugc trang bi
v6éi méy tinh va phin mém thich hop dé van hanh NIR va dé phét trién va sir dung
md hinh trén may tinh (vi dy, hiéu chuén). Theo phuong 4n khic, md hinh trén may
tinh c6 thé duqé luu trit & may tinh tir xa, dugc truy cdp béi may tinh nhd co s ha
tang thong tin lién lac, nhw mang internet. Theo phuong 4n minh hoa, NIR co6 cdu

tao c6 mau cum coc dung mau quay d€ quét cac mau thirc an.

Cac phuong phép va cac hé théng theo sang ché c6 thé duge thuc hién véi sy
két hop cua phén cing va phin mém. Phin mém c6 thé dugc thuc hién nhu chuong
trinh ing dung dugc ap dung rd rang trén thiét bj luu trit chwong trinh, hodc céc phén
khac nhau cta phin mém dugc thyc hién trong mdi truong may tinh ciia ngudi st

dung (vi du, tiéu trinh applet) va trén moi trudng may tinh ciia nguoi kiém tra, trong
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d6 nguoi kiém tra c6 thé dang & vi tri tir xa (vi du, & co s& clia nha cung cap dich

vu).

Theo c4c phuong an, may tinh bao gbm bd xtt ly. Bo xit ly hoat dong dé nhan
thong tin, thudng bao gbm dit liéu quang phd (vi dy, quang phd NIR), va co s& dit
lidu cua dit liéu da biét (vi dy, thong tin dugc x4c dinh qua thir nghiém (vi dy, két
qua hoda udt) tir da s6 cac mau). Thong tin nhan dugc nay co thé dugc luu trit it nhat

14 tam thoi trong co s& dit liéu, va dit liéu duoc phan tich.

Vi duy, trong hodc sau khi dit liéu dugc dua vao bdi ngudi st dung, cac phén
cla dit liéu xtr Iy c6 thé dugc tién hanh trong mdi trudng may tinh phia ngudi st
dung. Vi du, mdi trudng may tinh phia ngudi sir dung co thé duoc 1én chuong trinh
dé cung cip ma thir nghiém duoc x4c dinh dé biéu thi nén tang, thir nghiém vét
mang/chén doan, hodic ca hai; xtt 1y dit liéu st dung cd hiéu xac dinh, va/hodc tao ra
chu hinh co hiéu, trong d6 cac phan tng dugc truyén nhu céc phin tng dugc x 1y
hoic dugce xtr ly mot phin dén méi trudng may tinh ctia ngudi kiém tra & dang ma
thir nghiém va chu hinh cor hi.éu cho su thuc hién tiép theo cia mot hodc nhiéu thuat
toan dé tad ra cac két qua va/hoidc tejo ra bao céo & mdi truong may tinh cla nguoi

kiém tra.
Heé thdng va phuong phép phan tich mu thirc &n

Sang ché bao gdm céc phuong phép st dung mo hinh trén mdy tinh cia it nhét
mot thanh phén du trong thic dn chin nudi. Cac phuong phép nay 1a hiru dung dé
so sanh céc hop phdn thtc an khac nhau va dé didu chinh hop phén thirc &n dé cai
thién kha ning ti€u hoa cia céc thanh phén thirc dn. Theo cdc phuong 4n cuia sang
ché, phuong phap phan tich thirc &n bao gdm cac budc: budc tiéu hoa mAu thirc dn |
chin nudi in vitro st dung it nhat mot enzym dé tao ra thirc an chin nudi sau khi tiéu
héa bao gdm it nhit mot thanh phin du; budc quét thirc dn chan nudi sau khi tiéu
héa st dung quang phd NIR d8 tao ra dit lidu quang phd; va budc so sanh dit lidu
quang phd véi mé hinh trén may tinh cua it nhét mot thanh phan du dé tao ra ham

lugng du béo cua it nh4t mot thanh phan du trong thitc &n chin nudi sau khi tiéu hoa.
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Nhu dugc mé ta trude d6, cac mu thire dn chin nudi c6 thé khac nhau vé thanh
phén va ¢6 thé thu dugce tir cac ngudn khac nhau. Theo cic phuong dn cia sang ché,
mau thtrc &n chin nudi bao gbm chét phu gia bd sung truéc. Chét phu gia bd sung
trudc bao gdm enzym. Céc miu thitc #n sau khi tiéu hoa sir dung tiéu hoa in vitro
vé6i it nhit mot enzym nhu dugc mod ta & ddy. Cac mau dugce st dung trong phuong

phap nay c6 lugng khong xéc dinh cua it nh4t mot thanh phan du sau khi tiéu héa.

Cac miu dugc phan tich, vi dy, dé x4c dinh ham lugng ca it nhit mot thanh
phén du trong miu sau khi tiéu hoa. Cac thanh phin du bao gdm, nhung khong bi
gidi han &, protein, phospho, chét béo, nang lugng tdng, hydrat cacbon, va chit xo.
Phan tich céc thanh phin du 14 hitu dung dé x4c dinh kha ning tiéu hoa ctia miu
thirc &n. C4c mau sau khi tiéu hoa duge quét bang cach st dung quang phd NIR va
quang phd dugc luu trit trong quang phé ké NIR. Céc loai miu thitc dn khac nhau
c6 thé duoc so sanh v6i nhau dé x4c dinh hop phan thirc in nao dem lai kha ning
tiéu hoa cua thanh phan thirc dn 16n hon. Vi dy, néu hop phén thic an thi nhét c¢6
protein du, ndng luong tbng hodc thanh phan phospho sau khi tidu hoa thap hon so
v6i hop phan thire dn khéc, thi hop phén thirc an thir nhét s& dugc chon.

Khi m6 hinh trén may tinh dugc st dung dé phén tich cdc mau, quang phd duoc
tao ra bing cach quét miu dugc so sanh v6i md hinh ma sau d6 tao ra ham lugng du
béo cta thanh phin ciia miu. Phuong phap NIR thudng kéo dai chi vai phit va tao

ra két qua ngay 14p tirc, lam cho phuong phap NIR tré nén nhanh va thuén tién.

Theo cac phuong an cua sang ché, phuong phép NIR dugc két hop véi thir
nghiém ti€u héa in vitro dé& x4c dinh kha nang tiéu héa ciia mau. Cac phwong phép
NIR hién nay bao gbm budc quét cac mau thirc &n nguyén trang (ttc 13, khong xir 1y
so b mau) va udc tinh lugng thanh phén ctia mau thirc an. Tuy nhién, cac phuong
phép nay chi dugc tién hanh dé du bao thanh phan ban dau ctia thirc in va khong c6
kha néng phan biét cac mau thtc dn sé& c6 kha ning tiéu héa dugce cai thién. Do do,
phuong phap dugc phat trién trong d6 cac mau thic an dugc xt ly st dung thir
nghiém tiéu héa va mau sau khi tiéu héa dugc quét sir dung NIR, cho phép dy bao

chinh x4c hon kha ning tiéu héa cta cac thanh phan cia mau thirc in, trong khi tiet
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kiém thoi gian va ngudn tai nguyén bdi vi mau sau khi tiéu héa khong cén phan tich
str dung cac phuong phap héa uét. Phuong phap két hop thong tin dugc chuyén t6i

bdi thir nghiém tiéu héa va tbc do va su thuan tién cia phuong phap do NIR.

Theo cac phuong 4n cua sang ché, sang ché bao gdm viéc tiéu hoa mau thir
nhét cta hop phan thirc in chin nuéi thit nhét va viéc tiéu hoéa mau thit hai ctia hgp
phén thirc #n chin nuéi thi hai véi it nhét mdt enzym, trong d6 hop phan thirc &n
thir nhit va th hai khac nhau v it nhit mot thanh phan thitrc an; viéc quét mau thuc
%n chin nudi sau khi tiéu héa thir nhat va tht hai sir dung quang phd NIR dé tao ra
dit liéu quang phd cho it nhit mot thanh phan du ctia m&i mAy; so sénh dit liéu quang
ph tir m8i m3u v6i md hinh trén m4y tinh cia it nhat mot thanh phan du dé tao ra
ham lugng dy bao cua it nhat mot thanh phan du cia mau thirc &n chin nudi sau khi
tiéu héa thir nhét va thr hai; va chon loc hop phan thirc dn chin nuéi ma c¢6 ham
lugng mong mubn hoic dugce xac dinh trude cua it nhit mét thanh phz“m du bing
cach so sanh ham lugng du béo cua it nh4t mot thanh phin du cia mau thirc dn chan
nudi sau khi tiéu héa thit nhét va thir hai. Theo mot s6 phuong 4n, hop phén thirc dn
chin nudi dugc chon [am gidm thanh phan du nhu protein, phospho hodc ning luong

téng.

Theo cac phuong an cua sang ché, phuong phap duge dé xult dé x4c dinh anh
hudng cua chét phu gia bb sung sau 1én kha ning tiéu hoa cia mau thic dn. Cac
phuong phap nay la hitu dung d8 xé4c dinh liéu rang viéc bd sung chét phu gia bd
sung sau vao hgp phén thic n c6 cai thién kha ning ti€u héa cla thirc an hbéc tao
ra hgp ph?ln thirc in c6 profin dinh dudng dinh truéc clia thanh phén thirc &n. Theo
cac phuong an clia sang ché, mot hodc nhidu chét phu gia bd sung sau dugc bd sung
vao thl’ic n miu trude khi tiéu héa hogic vao lac tidu hoa. Cac chit phu gia khac
nhau c6 thé dugc so sanh vé kha ning cai thién kha nang tiéu hoéa cua thanh phén
thirc &n. Theo céc phuong 4n cia séﬁg ché chét phu gia bd sung sau bao gdm it nhét

mot enzym, hdn hop enzym, hodc chat nén c6 ngudn enzym vi sinh vét.

Theo sang ché, cac phuong phép ciing 12 hiru dung dé so sanh hiéu qua cla céc

hop phén thirc dn véi cac thanh phén khic nhau. Trong trudng hop do, mAu thirc #n
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thir nhat c6 hop phan tht nhat, hop phén thirc in thit hai c6 hop phén thi hai, trong
d6 hop phin thirc &n tht nhét va thir hai khac nhau & it nhdt mot thanh phan thirc an.
Theo céc phuong an, hop phén thirc an thit nhét va thir hai khac nhau do c6 thanh
phén khac nhau hoic cing thanh phén nhung khac nhau v& lugng. Theo cac phuong
an, cac thanh phﬁn khéc nhau v& sy hién dién hoic lugng dugc chon tir nhém bao
gbm phospho, chét béo, protein, ning lugng tdng, hydrat cacbon, chét xo, chét phu

gia bd sung truéc, va hdn hgp cia chung.

Theo cac phuong 4n cua séng ché, sang ché bao gdm viéc tiéu héa mau thi
nhét cia hop phan thirc in chin nuéi thir nhét va tiéu héa miu thtr hai cia hgp phan
thirc 4n chin nudi thit hai v6i it nhat mot enzym, trong d6 hgp phén thirc an thi hai
khéc véi hgp ph?m tht nhit & sy c6 mit cla it nhit mot chét phu gia bd sung sau
hodc c6 chét phu gia bd sung sau khac; quét mau thirc an chin nudi sau khi tiéu hoa
thir nht va tht hai st dung quang phd NIR dé tao ra dit liéu quang phé cho it nhat
mét thanh phan du cia m3i mAu sau khi tiéu héa; so sénh dit liéu quang phd tir mdi
mau v6i mod hinh trén méy tinh cta it nhit mot thanh phan du dé tao ra him lugng
du bao cua it nhét rh@t thanh phﬁn .du ctia miu thic #n chin nudi sau khi tiéu hda
thir nhét va tht hai; va chon loc hop phén thirc in chin nudi ma c6 ham lugng mong
muén hodc duge xac dinh trude cia it nhit mot thanh phin du bing cach so sanh
ham lugng du béo cia it nhat mot thanh phan du cia mAu thirc &n chén nudi sau khi
tiéu hoa thit nhit va tht hai. Theo mot sb phuong 4n, chat phu gia bd sung sau duge

chon lam giam thanh phén du nhu protein, phospho hodc ning lugng tdng.
Hé théng va phuong phép diéu chinh thitc &n chin nudi

Sang ché bao gdm cac phwong phép stt dung mo hinh trén may tinh cia it nhét
mdt thanh phan du cta thirc in chin nuéi. Cac phuong phép ndy 1a hiru ich dé so
sanh c4c hop phén thirc #n khac nhau va diéu chinh cdc hop phan thtrc an dé cai thién
kha nang ti€u hoa cua cac thanh phén thirc an. Theo céc phuong 4n cla séng ché,
viéc diéu chinh h{)p phén thirc #n chin nudi bao gbm cac bude: budc xéc dinh profin
dinh dudng dinh trudc cia thanh phén thirc 3n ciia hgp phin thirc in chin nudi; bude

du bdo ham lugng thanh phan du cia thanh phén thirc &n trong thirc in chin nudi
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bang phuong phép bao gbm: tiéu héa mau thirc in chin nuéi in vitro st dung it nhét
mot enzym dé tao ra thitc an chin nudi sau khi tiéu hoa bao gém it nhat mot thanh
phén du; quét thirc &n chin nudi sau khi tiéu hoa st dung quang phd NIR d tao ra
dit liéu quang phd; so sénh dit li€u quang phd v6i mé hinh trén may tinh cua it nhét
mot thanh phan du @ tao ra ham lwong dw béo ctia thanh phan du; va budc diéu
chinh hop phan thirc dn chin nuéi dé thu duoc profin dinh dudng dinh trudc cia

thanh phin thirc 4n dya trén ham lugng du béo cla it nhat mot thanh phan du.

Theo d6, theo mdt s phuong 4n, séng ché @& xuét phuong phap hiéu qua dé
phén tich thtrc dn (vi dy, thitc &n chin nudi) cho anh hudng clia enzym lén protein,
chét béo, ning luong tbng, ning luong tiéu héa dugc, gidi phong phospho, giai
phong dudng, chét xo, hydrat gacbon, v.v., va @ xac dinh anh huéng ctia chét phu
gia bd sung sau 1én kha ning tiéu hoéa cua thirc an. Hé théng va phuong phép dugc
mo ta theo sang ché co thé dugce sir dung d& phén tich v6 sb thirc an cho nhiéu thanh
phén va c6 thé dugc cap nhat nhanh chéng ma khong can trai qua thir nghiém in

vivo.

Sang ché sir dung trong phan tich s6 lugng bt ky cia thirc dn chin nudi va
khong bi gi6i han & phan tich thirc &n cu thé. Thire an chan nudi la thye phdm bat ky
dugc sir dung ddc bict dé cho cac vat nudi dugc thudn hoa dn (vi dy, gia suc, dé, ctru,
ngua, gia cim, trau, lac ¢ Nam M¥, lac da khdng budu, lira, la, thé, va lon). Thirc
4n chan nudi thudng bao gdbm khAu phén tron hoan chinh (TMR), ngd, d4u nanh, co,
ngii cbe, ngil cbe tir may chung cit, ngil cbe nay iném, cac loai dau, vitamin, axit
amin, khoang chét, mat mia, chit xo, rom kho, o, cé khd, rom ra, ¢6  tuoi, hat, 14,

bot, chit hoa tan, va chét b tro.

Kha ning tidu héa ciia thanh phin thirc an c6 thé dugc céi thién bang cach bd
sung mdt hodc nhidu chit phy gia bd sung sau nhu enzym (vi du, enzym tiéu héa)
vao thtrc dn. Vi dy, enzym nhu phytaza, proteaza, proteaza tir ndm, xenlulaza,
xylanaza, phosphataza axit, beta-glucanaza, pectinaza, va alpha amylaza, c6 thé
dugc bb sung vao thirc an (tic 13, dugc sir dung 1am chét phy gia) dé cai thién kha

ning tiéu héa. Enzym nay cé thé dugc cung cip & dang tinh khidt, dang tinh khiét
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mot phan, hoc dang thd. Enzym nay c6 thé c6 ngudn gbc tw nhién (vi dy, tir nim)
hodc téng hop, hoic duge san xudt in vitro (vi du, téi t hop). Theo mot s6 phuong
an, proteaza (vi dy, pepsin) dugc bd sung. Theo mot s6 phwong 4n, enzym hodc hdn
hop cac enzym c6 ban trén thi trudng dugc bd sung (vi dy, Allzyme SSF, cé tu

Alltech, Nicholasville, KY).

Dé x4c dinh liéu ring viéc bd sung chit phu gia b sung sau vao hop phén thirc
an cu th8 c6 mong mudn hay khong, s& 1a ¢6 loi dé biét kha ning tiéu héa cla cac
thanh phan cta hop phan thirc an. Theo mdt phuong an, hop phan thirc dn c6 thé
dugc phéan tich bang cach tiéu héa miu thirc &n chin nudi in vitro dé tao ra thirc an
sau khi tiéu h6a bao gdm it nhat mot thanh phén du, quét thirc in sau khi tiéu hoa st
dung NIR dé tao ra dit liéu quang phd, so sanh dit liéu quang phd véi md hinh trén
may tinh cua it nhét mot thanh phz“m_ du, va tao ra ham lugng du béo cia thanh ph?m
du. Ham lugng dy bao ciia mot hodc nhiéu thanh phén du ¢6 thé dugc so sanh véi
profin dinh dudng dinh truéc hodc mong mubn ciia thanh phan thirc &n. Theo mdt
s6 phuong 4n cta sang ché, néu lugng cia thanh phén du cao hon trong profin dinh
dudng dinh truéc hodc mong mudn cta thanh phan thirc #n, profin dinh dudng c6
thé duoc ting cuong bing cach bd sung mot hoic nhiéu chét phu gia bb sung sau,

nhu enzym (vi dy, enzym tié€u hoa).

“Profin dinh dudng dinh truéc” chi lugng mong mudn cta thanh phin hodc
cac thanh phan thirc in trong thirc dn chin nudi trong d6 kha ning tiéu hoa la déc
tinh c6 lién quan. Nha dinh dudng hoc hodc ngudi nong dén c6 thé thiét 1ap luong
mong mubn ctia thanh phén trong thirc in cu thé. Vi du, lugng protein hodc chét phu
gia trong thirc an chan nuoi cé thé cin didu chinh dé xem xét kha nang ti€u hoa cua
protein trong thttc &n chin nudi nhur dwgc xac dinh sir dung cac phuong phap duge
md ta & day. Thirc in chin nudi v6i protein ma & dang it ti€u héa dugce co thé can
tdng protein trong thirc An chin nudi va/hodc viée bd sung chét phu gia b sung sau
lam tdng kha ndng tiéu hoa ciia protein trong thirc dn chén nudi do dé dat dugc luong

mong muon.
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Theo phuong 4n khac, hé théng va phuong phap c6 thé duge sir dung dé so
sanh kha nang tiéu hoa hodc hai hodc nhidu thirc dn, mdt hodc nhiéu thirc an c6 thé
bao gbém chit phu gia bd sung sau, nhu enzym (vi dy, enzym tiéu hoa). Vi duy, hé
théng va phuong phap c6 thé dugc st dung dé thé hién mot mau thirc dn c6 profin
dinh dudng cao nhu dugc so sénh véi mau thirc dn khac bdi vi mdt mau thirc in co

thanh phan c6 kha ning tiéu hoa cao hon.

Céc vi du sau dugc dé xuat d€ minh hoa va giai thich hon nita cac phuong an
va khia canh dugc wu tién nhat dinh theo sdng ché va khong dugc hiéu 12 han ché

pham vi clia sang ché.
Vi du thyc hién sang ché
Vi du 1: M6 hinh NIR

M5 hinh NIR duoc tao ra cho cac mau sau khi tiéu héa cia thirc &n cho lon va
gia cAm. C4c md hinh c6 thé dugc sir dung két hop v6i thit nghiém ti€u hoa dé danh
gid kha nang tiéu hoa cia cac mau thirc &n bing cach du bao ham lugng cia cac

thanh phan du trong cdc miu sau khi tiéu hoa.

Fig. 1 thé hién lugc dd minh hoa cho cac phuong phép tiéu héa va phén tich
mAu thirc n nhu duge mé ta & day. Hinh vé& thé hién ring mau thirc &n ban dau duoc
tiéu héa in vitro va san phim tiéu héa duge phan tich cho lwong du clia nang lugng

tdng, protein, phospho, va ham lugng dudng sir dung NIR va héa uét.

Céac mAu thtrc an cho gia cAm va lgn dugc tiéu hoa sir dung thir nghiém tiéu
héa ma tuwong ty véi su ti€u hoda cua cac chét dinh dudng in vitro. Thit nghiém dugc
cai bién tir Boisen S., A multienzym assay for pigs, Chapter 10, A Model for Feed
Evaluation Based on Invitro Digestible Dry Matter and Protein, Invitro Digestion

for Pig and Poultry, 1990, M.F. Fuller.

Céc miu sau khi tiéu hoa dugc phén tich st dung cac phuong phap héa uét cho
protein, ndng lugng tbng va phospho. Khéi lwong cudi ciing bao gbm thirc 3n va chéit

16ng duge tiéu héa dugc phan tach thanh thanh phin dang rén va thanh phén dang
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16ng. Thanh phan dang rin duoc 1am kho va chit rén kho dugc quét sit dung quang
phé ké NIR. M6 hinh NIR dugc tao ra cho protein, phospho, va nédng lugng téng
trong thirc &n cho gia cam sau khi tiéu héa, va cho protein va nang luong tbng trong

thirc an cho lon sau khi ti€u hoa.
Thir nghiém tiéu hoa

Céac miu thire 3n cho lon va gia cam dugc tiéu hoa st dung thir nghiém ti€u
héa sau. Mot sd6 miu dugce thay doi bang cach bo sung chit phu gia bd sung sau

(Allzyme SSF) trong qué trinh thtt nghiém.
V4t liéu ban dau:

Céac mau thirc &n cho gia cam va lgn tir cAc ngudn khac nhau dugc sur dung.

Céc mau thitc an cho gia cam va lgn chil yéu bao gom bt ngd va dau nanh.

Chét phu gia thic &n Allzyme SSF, c6 tir Alltech, Nicholasville, KY duogc st
dung lam ngudn cho enzym dugc b sung (vi du chét phu gia bd sung sau) vao thirc

‘an. Allzyme SSF chira phitc hé enzym bao gbm it nhit 300 U phytaza.

Céc chét phan tng:

A. HCL02M,IM,2M,va4M
B. 0,6 MNaOH
C. 1M NaHCO:s

D. Pepsin tr Sigma (P7012); 10 mg pepsin/mL nuéc khir ion hodc
2,25mg pepsin/mL nuéc khir ion

E. Pancreatin tir Sigma (P3292); 50 mg pancreatin/mL nuéc khir ion hodc
2,315mg pancreatin/mL nuéc khir ion

F. 15% axit tricloaxetic (TCA)

G. Dung dich dém axetat: 0,1 M (d0 pH 6,0) va 0,2 M (40 pH 6,8)

H. Dung dich cloramphenicol; Smg cloramphenicol/l1 mL rugu

I.  Dungdich lam dimg TCA
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J.  Chét phan tmg mau dugc chuén bj tir 3 thé tich cta axit sulfuric 1 M,
1 thé tich ctia 2,5% (khi luong/thé tich) nhém molybdat, va 1 thé tich cia 10%
(khdi lwong/thé tich) axit ascorbic

K. Dung dich DNS (duoc luu trit trong binh tb1), dugc chudn bi tir axit
dinitrosalisylic, NaOH, kali natri tartrat tetrahydrat va nuéc khir ion

L. Dextroza tiéu chudn: 0 mg/mL; 0,2 mg/mL; 0,4 mg/mL; 0,6 mg/mL;
0,8 mg/mL; va 1,0 mg/mL

Phosphat tiéu chuén: 0pM; 5,625uM; 11,25uM; 22,5uM; 45uM; va 90uM
kali phosphat trong nuéc.

Quy trinh
Chét phu gia enzym

DA tao ra san phim enzym dang 16ng dugc st dung trong thir nghiém lam chét
phu gia bd sung sau, enzym dugc chiét xuét tir Allzyme SSF véi nudc khir ion va

duoc pha loang 1:2500000 vé6i 0,1 M dung dich dém natri axetat.

Thir nghiém tiéu hoa & lon

Tiéu hoa bic mot - Da day

Hai gam mAu thirc an nghién cho lgn duge trdn v6i 49 mL 0,1 M dung dich
dém natri axetat. Mot s6 miu dugc thay d6i bang cach bd sung chit phu gia bb sung
sau bang cach tron véi 1 mL chét phu gia bd sung sau dang 16ng dugc chudn bi tir
san phim Allzyme SFF dugc md ta & trén. D9 pH ctia dung dich duoc diéu chinh t6i
2 v4i HCL. 2,0 mL dung dich pepsin (10 mg pepsin/mL nuéc khir ion) va 1,0 mL
dung dich cloramphenicol dugc bd sung. Dung dich dugc khudy va dugc dit trong

bé nude c6 quay 39°C & 55 RPM trong 6 gid. Dung dich dugc khudy hang gio.
Tiéu hoa bac hai - Rudt non

Sau khi tiéu héa bac mot, cac mau duge tron voi 20 mL dung dich dém natri
axetat 0,2 M va 10 mL NaOH 0,6 M. D¢ pH cua dung dich dugc diéu chinh t6i 6,8
v6i NaOH 0,6 M. 2,0 mL dung dich pancreatin (50 mg pancreatin/mL nuéc kht ion)
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duoc bd sung. Dung dich dugc khudy va dugc dit trong bé nuée quay 39°C (55
RPM) trong 18 gid. Dung dich dugc khudy va dugc ly tim & 14000 g trong 20 phut.

Thir nghi€ém tiéu hoa & gia cam

Giai doan & di€u

2,5 gam mau thirc in nghién cho gia cam dugc trdn véi 6 ml nude cat. Mot so
mau dugc thay d6i bang cach bo sung chat phy gia bo sung sau bang céach trdn voi

1 mL chét phu gia bd sung sau dang 16ng dugc chuén bi tir san phim Allzyme SFF

dugce mo ta & trén véi 7 ml nuée cit. Cac miu duge it & 40°C trong 30 phut.
Giai doan & mé

Sau khi 1 trong giai doan & didu, cac miu dugc diéu chinh t6i d6 pH 3,0 véi
HCI 1IM. 2,0 mL dung dich pepsin (2,25mg pepsin/mL nu¢c khir ion) va 1,0 mL
dung dich cloramphenicol dwgc bd sung vio mbi mau. Dung dich dugc khudy va

duogc dit trong bé nude 40°C trong 45 phit.
Rudt non

Sau giai doan & mé, cac miu dugce trdon véi 1 mL NaHCO; dé thu duoc do pH
1a 6,5. 2,0 mL dung dich pancreatin (2,315 mg pancreatin/mL nuéc khtr ion) dugc
bd sung. Dung dich dugc khudy va dugc dat trong bé nude 40°C trong 60 phit. Dung
dich dugc khudy va duoc ly tim & 14000 g trong 20 phiit. '

Phan tich héa ué6t

Quy trinh tiéu hoéa in vitro dé lai khéi lwong cubi ciing bao gdm phan dang rin
ciia thie &n sau khi tiéu héa va phén dang 16ng. M3u dugc phan tach cho phan tich
sau nay thanh thanh phin dang rén va thanh phén dang 16ng (ﬁ'rc 13, phéan dich ndi).
Thanh phin dang rin dugc 1am dong khd & tao ra phan chit khé cubi cing.

Thiét bi:
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Varian 720-ES ICP d phan tich phospho
Leco TruSpec CHN dé phan tich nito (protein)
Parr 6100 may do nhiét lugng binh cao 4p cho ning lugng tdng phén tich

Protein, phospho va ndng luong tdng

Phén chét khd cubi cling ctia mAu sau khi tiéu héa duge phan tich cho protein,
phospho va nang lugng tbng. Ham lugng protein dugc x4c dinh str dung may phan
tich d6t chay nito va bing cach chuyén hoéa ham lugng nito thanh protein. Ham lugng
phospho dugc xac dinh st dung hé théng ICP (plasma ghép cip cam tng). Ham

lwong ning luong tdng duge x4c dinh sir dung may do nhiét lwong binh cao 4p.
M0 hinh NIR

Phan chét kho cubi ciing ctia mau sau khi tiéu héa dugc quét sit dung cym cbe
dung méu quay NIR @& thu thap dit liéu phan xa NIR. Su quét NIR clia cac miu khac
nhau dugc ghi lai va twrong quan véi két qua hoa w6t cho mdi miu dé tao ra mo hinh
trén may tinh cho mdi thanh phén (protein, phospho va ning lugng tdng) cia cac

mAu sau khi tiéu hoa.

Thiét bi:

Bruker MPA FT-NIR, s md hinh 122000 c6 mAu cum cbc dung miu quay, c¢6
tr Bruker Optics, Inc., Billerica, MA. ”

Thiét lap:

Phén gii 16 cm !

Quét 32: thiét bi dugc cai dat dé quét mdi mAu 32 14n va tinh trung binh céc
14n quét thanh mdt t&p quét cho mdi miu

Khoang séng 10000 cm™'-4000 cm'!

D6 hép thu dugc do sir dung khoang “méu 16n hinh khéi ciu”

Két qua - Thir nghiém tiéu héa thirc &n cho gia cAm
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Céc mAu thuc an cho gia cAm dugc tiéu héa theo thit nghiém tiéu hoa. Phén
chét kho cudi cing cta cac miu sau khi tiéu hoa duge quét trén NIR. Quét NIR lam

vi du ctia cdc mAu thirc 4n cho gia cam sau khi tiéu hoa dugce thé hién trén Fig.2.

Céc mAu sau khi tiéu hoa duge phén tich bing cac phuong phép héa uét cho
protein, phospho va néng lugng tbng. Ham lugng protein ciia cic miu sau khi tidu
héa ndm trong khoang 13-34%; ham lugng phospho nam trong khoang 750-5900
ppm; va ning lugng tbng nim trong khoang 3300-5200 cal/g. Ham lugng protein,
phospho va néng lugng tbng cia mdi mau sau d6 dugc twong quan véi quét NIR aé

phat trién mé hinh NIR cho mbi thanh phan.

Budc x4c nhan chéo tao ra tir may tinh cia mé hinh protein NIR cho thirc dn
cho gia cAm dugc thé hién trén Fig. 3. Mb hinh bao gbém 29 miu. R? cho md hinh 14
86,66 va RMSECV (13i trung binh toan phwong cua budc xac nhén chéo) 1a 2,68.
Gi4 tri R? thé hién dit liéu phu hop t5t thé nao v6i mo hinh va két qua quan sat du

béo tét nhu thé ndo béi md hinh. RMSECV 1a phép do bién thién trong dit liéu.

Budc xac nhén chéo tao ra tir may tinh cia mo hinh phospho NIR cho thirc dn
cho gia cAm duoc thé hién trén Fig. 4. M hinh bao gdm 24 mau. R? cho mé hinh 1a

75,94 va RMSECV la 554.

Budc x4c nhin chéo tao ra tir may tinh cia mo hinh néng lugng tdng NIR cho
thirc n cho gia cAm duge th& hién trén Fig. 5. M6 hinh bao gdm 18 miu. R? cho mé
hinh 14 87,72 va RMSECV la 148. R? va RMSEV cua m6 hinh dugc mong doi 1a ¢6

thé dugc cai thién bang cach 1am ting s6 lwong cac mau trong mo hinh.
Két qua-Thir nghiém tiéu hoa thirc &n cho lon

Céc mau thire an cho lon dugc tiéu hoa theo thir nghiém tiéu hoa. Phén chit
kho cudi cung cua cac mau sau khi tiéu héa dugc quét sir dung cum cbe dung mau
quay NIR dé thu thap dit liéu phan xa NIR. Budc quét lam vi du clia céc mau thirc

in cho lgn sau khi tiéu hoa dugc thé hién trén Fig. 6.
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Céc mAu sau khi tiéu hoa dwgc phan tich bang céc phuong phap héa w6t cho
protein va ning lugng tbng. Ham lugng protein cia cac mAu sau khi tiéu héa nim
trong khoang 6-47% va nang lugng tbng nim trong khoang 3900-5300 cal/g. Ham
lugng protein va ning luong tdng ctia mdi mAu sau d6 dugc twong quan véi cac lan

quét NIR dé phat trién m6 hinh NIR cho mdi thanh phan.

Budc xac nhan chéo tao ra tir may tinh ctia mé hinh protein NIR cho thirc an

cho lon duogc thé hién trén Fig. 7. R? cho m6 hinh 12 98,86 va RMSECV 0,708.

Budc x4c nhan chéo tao ra tir may tinh ciia mo hinh ning luong tbng NIR cho
thirc an cho lgn dugc thé hién trén Fig. 8. R? cho m6 hinh 12 80,5 va RMSECV la
141.

Thao luan

Cac két qua thé hién cac md hinh NIR khac nhau c6 thé dugc phat trién dé st
dung két hop véi thir nghiém tiéu hoa dé du bao ham lugng cua cac thanh phin
khéng dugc tiéu hoa (tic 13, du) trong cic mau thirc dn sau khi tiéu héa. M6 hinh
protein cho‘thl’rc an cho lgn dic biét thanh cdng (R? 12 98,86), tham chi vai s6 luong
miu duogc st dung twong déi thip trong mé hinh 1am vi du. M6 hinh dugc thé hién
la ham lugng protein thyuc té c6 thé du bao cao trong cdc mau thitc &n sau khi tiéu
héa va c6 thé dugc sit dung thay vi tién hanh cdc phuong phap héa w6t tbn tién va
tén thoi gian. D¢ chinh x4c ciia md hinh c6 thé dugc ting 1én véi s6 lugng cac mau
ting. Cu thé 13, kha ning du bdo cia md hinh phospho va ning lugong tbng dugc

mong doi 1a cé thé dugc cai thién bing cach ting s6 miu trong mo hinh.
Vi du 2: Buéc x4c nhan ciia md hinh protein du cho lon

Kha ning du bao ciia md hinh protein du dé tiéu hoa thte an cho lon da duge
x4c nhan. Phuong phap x4c nhén 1a phan anh cac phuong phap dugc md ta & day

dugc sit dung nhu thé nao dé phén tich miu thirc &n v6i ddc tinh chua biét.

Tép hop céac mau thtrc in cho lgn dugce tiéu héa nhu duge md ta trong Vi du 1

va dugc quét bing cach str dung NIR. Mi mau ciing dugc x4c dinh cho ham luong
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protein bing cach st dung hoa uét. Cac mau dugce phéan chia thanh b x4c nhén va
b6 xay dung mo hinh. Cac mau trong bd x4y dung md hinh dugc st dung dé tao ra
md hinh nhu duge mo ta & day. Bo xac nhan dugce thir nghiém trong md hinh dé tao
ra ham luong du béo cua protein du cho m&i mau. Ham lugng du béo cho mdi mau
duoc so sanh v6i ham luong cia protein du trong mau nhu dugce xac dinh bang cach

stt dung hoa uét (Thuc té). Cac két qua dugce thé hién trong Bang 1:

Bang 1
Tén tép Thue té Dy bao Do chénh léch

Russia Sow Flask 8,84625 8,64 0,206
8.2

Russia Sow Flask 8,84625 8,798 0,0478
8.1

Russia Sow Flask -8,84625 8,691 0,155
8.0

Russia Sow Flask 8,5775 8,841 -0,263
7.2

Russia Sow Flask 8,5775 8,922 -0,345
7.1 :

Russia Sow Flask 8,5775 8,965 -0,387
7.0

Russia Sow Flask 10,0781 9,498 0,58
6.2

Russia Sow Flask 10,0781 9,513 0,565
6.1

Russia Sow Flask 10,0781 9,522 0,556
6.0

Russia Sow Flask 8,51 8,502 0,00811
52

Russia Sow Flask 8,51 8,567 -0,0568
5.1

Russia Sow Flask 8,51 8,646 -0,136
5.0
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Russia Sow Flask 8,44 8,314 0,126
4.2

Russia Sow Flask 8,44 8,303 0,137
4.1

Russia Sow Flask 8,44 8,446 -0,00599
4.0

Russia Sow Flask 8,495 8,738 -0,243
3.2

Russia Sow Flask 8,495 8,871 -0,376
3.1

Céc két qua nay thé hién mo hinh c6 kha nang du bdo & muc 4o cao cia ham

lugng protein du trong cic mau.

Mic du céc phuong 4n nhét dinh cia sang ché da dwoc mo ta, van c6 thé 6
cac phuong an khac. Trong khi ban mo ta bao gbm phan mo t4 chi tiét, pham vi ctia
sang ché duoc chi ra béi cac yéu ciu bao ho dudi day. Hon thé nita, mic di ban mé
t4 dugc md ta bang ngdn nglt danh riéng cho cac déu hiéu vé& ciu tric va/hodc cac
tac dung ctia phuong phép, céc yéu cAu bao ho khong bi gidi han & cac ddu hidu nay
hodc cac tdc dung néu trén. Ma, cac d4u hiéu va tac dung cu thé néu trén dugc boc
16 1am khia canh va phuong 4n minh hoa cta sang ché. Nhiéu khia canh, phuwong 4n,
cai bién khac nhau, va cic dang trong dwong khéc ctia chling, sau khi doc phén mé
ta sang ché, co thé dugc thuc hién bai nguoi cé trinh do trung binh trong linh vuc
nay ma khéng vugt ra ngodi pham vi cua sang ché hodc pham vi ctia cac dbi twong

duoc yéu cau bao ho.
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YEU CAU BAO HQ

1. Phuong phép phéan tich thirc an cho lon hodc gia cAm dé Iya chon hop phin didu

chinh cta n6, phuong phép nay bao gbm cac buéc:

a) tiéu h6a mau thirc in chin nudi in vitro c6 hgp phén thirc &n chan nudi dé
tao ra thirc dn chin nuéi sau khi ti€u hoa chura it nhéit mot thanh phﬁn du ma
dugc chon tir nhém bao gdm protein, phospho, chét béo, hydrat cacbon, va
ning luong tdng, trong d6 thirc n chdn nudi sau khi tiéu hoa nay chua it nhét
mdt trong s i) gié tri bing s6 khong x4c dinh ciia ndng dd cua it nhét mét trong
sd protein, phospho, chit béo, hodc hydrat cacbon, hoic ii) gi tri bang sb
khong xac dinh cia ham lugng ndng lugng tbng cho thirc #n chin nudi sau khi
tiéu héa, trong d6 mau thirc in chin nudi bao gbm thirc #n cho lgn, thirc &n cho
gia cAm, va hdn hop cua chung, trong d6 hop phén thirc 3n chin nudi chira mot
ho#c nhiéu trong s6 ngd, ¢au nanh, ngii cbe, ngii cde tir may chung cét, cac loai
dau, mat mia, hodc hdn hop bat ky cta ching, trong d6 qué trinh tiéu héa bao
gbm hai giai doan, trong d6 giai doan tiéu hoa dugc tién hanh in vitro & 6 pH
nhé hon khoang 7 va bao gdm viéc sit dung it nhit mot enzym chira pepsin, va
trong d6 giai doan ti€u hoa kia dugc tién hanh in vitro & d6 pH trung tinh dén
do pH axit va bao gbm it nh4t moét enzym chira pancreatin dé tao ra thirc an
chin nudi sau khi tiéu hda, va trong d6 qua trinh tiéu hoéa con bao gbm phén
tach thirc an chidn nudi sau khi tiéu hoa thanh thanh phén dang rén va thanh

phén dang 1éng;

b) quétthanh phén dang rén ctia thitc in chdn nudi sau khi tiéu hoa bang cach

su di,mg quang phd hong ngoai gn (NIR) dé tao ra dit liéu quang phd;

¢) so séanh dit liéu quang phd dugc tao ra tir viéc quét thanh phén dang rin
cta thirc &n chin nuoi sau khi tiéu héa v6i mé hinh trén may tinh ciia it nhét
mot thanh phﬁn du dé tao ra gia tri bfing sb dy bao cua néng d6 cua it nhit mot
thanh phan du ma 14 protein, phospho, chét béo, hoic hydrat cacbon, hoic gia

tri bang sé du bdo ctia ham lugng ning lugng tong clia thirc &n chin nudi sau
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khi tiéu hoa, trong d6 dit liéu quang phd nay dugce so sénh bing cach sir dung
phuong phap dugc thuc hién bing may tinh bao gdm nhén dit liéu quang phd
tir thirc An chin nudi sau khi tiéu héa va so sanh dit li¢u quang phd v6i mo hinh
trén may tinh cuia it nh4t mot thanh phén du d8 thu dugc gié tri bang s6 du bao
ctia ndng d6 ctia it nhat mot thanh phén du hoic gid tri bing sd du bo clia ham
lugng néng luong tbng clia thirc #n chin nudi sau khi tiéu héa, trong d6 md
hinh trén may tinh dugc tao ra bang cach thu duge dit liéu quang phd theo cach
gidng nhu buée b) cho da sb cac mAu thirc #n chin nudi ¢6 cac hop phén thire
an chin nudi khéc nhau, trong d6 da s cac mau thirc an chin nudi da dugc tiéu
héa so bo theo cach gidng nhu budc a) dé tao ra da sb cac mau thirc &n chin
nudi duge tiéu hoa so bd c6 phan dang ran va phin dang 16ng ctia thirc dn chin
nudi sau khi tidu héa, va con trong d6 phan dang rén dugc tach khoi phan dang
16ng dé tao ra phan dang rén da tach, trong 46 mdi mAu trong da s6 cac miu
thirc an chan nudi dugc tiéu héa so b ciing c6 gia tri bing s6 duge xac dinh
bang cach phan tich ndng @0 cua it nhét mot thanh phan du ma 14 protein,
phospho, chét béo, hoic hydrat cacbon hodc gia tri bang s dugc xac dinh bang
cach phan tich ham lugng ning luong tdng cua thirc dn chiin nubi sau khi tiéu
héa bang phén tich héa hoc dugce thuc hién trén phén dang rin da tach ctia mdi
mau trong da sd cac mau thirc 3n chin nudi dugc tiéu hoa so bo, va lién hé dix
lidu quang phd thu dugc cho mdi mau trong da sé cac miu thirc &n chin nubi
v6i gié tri bang sb duge x4c dinh bang cach phén tich ndng do hodc gia tri bing
sb dugc xac dinh bang cach phan tich ham lugng nang luong tdng cuia thirc &n
chiin nudi sau khi tiéu héa & mdi miu trong da s6 cac mau thic dn chan nudi

dé tao ra mo hinh trén may tinh;

d) so sanh gia tri bang sd dy bao cia ndng d6 hoic gia tri bing sb du béo clia
ham lugng nang luong tbng ciia thirc &n chin nudi sau khi tiéu hoa tir budce c)
véi gia tri bang sb chon trudc cia ndng do dich hoic gi4 tri bing s6 chon trudc
ctia ham lugng ning lugng tong dich ctia thirc &n chin nubi sau khi tiéu hoa dé
xéc dinh 1) kha ning tiéu héa cta it nhat mot thanh phin du & hop phén thirc

dn chin nudi cua budc a) khi it nhit mot thanh phén du dugc chon tir nhom
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bao gbdm protein, phospho, chét béo, va hydrat cacbon, hoic 2) ham lugng niang
luong téng ciia hop phan thirc n chin nuéi clia bude a) khi it nhét mdt thanh

phén du duge chon 13 ning lugng tdng; va

e) lua chon hop phin thirc an chin nudi da didu chinh ma khéc véi hop phén
thtrc &n chin nudi cua a) va tao ra gia tri bing s6 chon trude cuia ndng d6 dich
clia it nht mot thanh phan du hoic gid tri bang s6 chon trudc ciia ham lugng
ning luong téng dich ciia thirc &n chin nudi sau khi tiéu hoa, dya trén kha nang
tiéu hoa dugce xac dinh 1) hodc 2) ham lugng néng luong tbng & bude so sanh

- d).

2. Phuong phap theo diém 1, trong d6 miu thirc &n chan nudi bao gbm chét phu

gia bd sung truéc, trong d6 chét phu gia bd sung trudc 1a it nhit mot enzym.

3. Phuong phap theo diém 1, trong d6 phuong phép nay con bao gbm f) diéu chinh
hop phén thirc dn chan nudi c6 thanh phén ciia hop phén thirc dn chin nudi ciia budc

a) dé thu dugc hop phan thirc n chin nuéi diéu chinh d3 chon dugc chon & budc e).

4. Phuong phép theo diém 3, trong d6 budc diéu chinh hop phan thire an chin nuodi
bao gdm diéu chinh lugng thanh phén dugc chon tir nhém bao gdm protein, phospho,
chét béo, nang lugng tdng, va hydrat cacbon so véi hgp phén thirc dn chin nudi cla

budc a).

5. Phuong phap theo diém 3, trong d6 budc didu chinh hop phan thtrc &n chin nudi

bao gbém bd sung it nhit mot chét phu gia bd sung sau ma bao gdm enzym.
6. Phuong phép theo diém 1, trong d6 mau thirc &n chin nudi 1a thirc &n cho lon.

7. Phuong phéap theo diém 1, trong d6 mau thirc in chin nudi 1a thic &n cho lgn,
trong d6 mét giai doan dugc tién hanh trong khoang tir 1 dén 6 gio & d6 pH nhé hon
khoang 7 va giai doan kia dugc tién hanh trong khoang tir 18 gi& dén 48 gio & do
pH trung tinh dén dd pH axit 1a it nhét khoang 6,0, dé tao ra thtre an chin nudi sau

khi tiéu hoa.
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8. Phuong phép theo diém 6, trong d6 pepsin 12 pepsin ctia lon va pancreatin 13

pancreatin cta lon.
9. Phuong phéap theo didm 6, trong d6 hop phan thirc in chin nuéi chira ngd.

10. Phuong phép theo diém 6, trong d6 giai doan tiéu hoa va giai doan tiéu hoa kia

con bao gdm viéc st dung dung dich dém axetat.

11. Phuong phap theo diém 1, trong d6 mAu thirc an chin nubi 1a thirc dn cho gia

cam.

12. Phuong phap theo diém 1, trong 46 mAu thirc &n chin nudi 12 thirc an chin nudi
cho gia cam, va trong d6 qua trinh tiéu héa con bao gbm giai doan tiéu hoa in vitro

duoc tién hanh trén mau thirc &n chin nudi ma bao gom it nhat mot enzym la phytaza.

13. Phuong phép theo diém 12, trong d6 giai doan ma bao gbm pepsin duge tién
hanh & do pH nho hon khoang 7 trong khoang tir 30 phut dén 2 gid va giai doan kia
ma bao gém pancreatin duge tién hanh & @6 pH trung tinh dén d6 pH axit 1a it nhét
khoéang 6,0 trong khoang tir 30 phut dén 2 gio, dé tao ra thirc &n chin nuéi sau khi

ti€u hoa.
14. Phuong phéap theo diém 11, trong d6 hop phén thirc an chin nudi chira ngod.

15. Phuong phap theo didm 1, trong d6 it nhat mot thanh phéan du dugc chon tir

nhém bao gdm protein, phospho, chit béo, va ning lugng tong.

16. Phuong phap theo diém 1, trong d6 it nhat mot thénh‘\phz‘in du dugc chon tir

nhém bao gbm protein, chit béo, va ning lugng tong.

17. Phuong pha’ip theo diém 35, trong d6 enzym dugc chon tir nhém bao gdm
proteaza, xenlulaza, xylanaza, phosphataza axit, beta-glucanaza, pectinaza, alpha

amylaza, hoic hdn hop bét ky ctia chung.

18. Phuong phap theo diém 5, trong d6 enzym 14 proteaza.
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19. Phuong phép theo diém 3, trong d6 bude diéu chinh hop phén thirc dn chin nuodi
tao ra sy giam gia tri bing s6 du bao ctia ndng do cia it nhat mot thanh phén du cho
hop phén thitc &n chin nudi da didu chinh nhu duogc x4c dinh bing cach tiéu hoa,
quét, va so sanh hop phén thirc 4n chin nuoi da diéu chinh theo buéc a), b) va c),
khi so véi gid tri bing s6 du bao clia ndng d6 dugc xé4c dinh cho it nhét mot thanh
phén du cta hop phén thirc #n chin nuéi trude khi didu chinh, trong d6 it nhit mot

thanh phén du 1 it nh&t mot trong s protein, phospho, chét béo, hoic hydrat cacbon.

20. Phuong phap theo diém 1, trong d6 thanh phén dang rin cta budc a) duge lam
dong kho trudce khi quét theo bude b).

21. Phuong phép theo diém 1, trong d6 it nhit mot thanh phan du 1 him lugng ning
luong tong, trong d6 gia tri bang sb dugc xac dinh bing cach phan tich ham lugng
nang lugng tdng & budce ¢) duge xac dinh bang phuong phép bao gdm xé4c dinh gia
tri bang s ctia ham lugng ning lugng tdng & méy do nhiét lugng binh cao 4p cho

mdi mAu trong da s6 cac mAu thirc &n chin nudi dugc tiéu hoa so bd.

22. Phuong phap theo diém 1, trong d6 viéc phan tich héa hoc bao gdm phuong
phép hoéa uét cho it nhit mot thanh phan du ma 14 protein, phospho, chét béo, hogic
hydrat cacbon, va trong d6 phan tich héa hoc bao gbm may do nhiét lugng binh cao

ap cho nang lugng tbng.
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Du bio so véi Thwe té 7 Protein[%] / X4c nhan chéo
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