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CHUONG VIII. TRAO DOI CHAT VA DINH DUONG

A. Trao doi chit
1. Y nghia sinh vat hoc ciia trao doi chat

Trao d6i chat 1a ddc trung co ban ciia co thé song. D6 1a diém co ban dé phan biét
gitra sinh vat va phi sinh vat. Trao do6i chat ngung thi sy song khong con nira.

Trao doi chat 1a s sir dung sinh hoc cic chdt dinh dwdéng hdp thu dwoe cho qud
trinh téng hop (chdang han cho sinh trieong) va tiéu phi nang lheong. Trao d6i chit bao gom
hai qua trinh co ban trai ngugc nhau va ¢ lién hé mat thiét voi nhau 1a dong hda va di hoa.
Dong héa 1a qua trinh bién doi nhitng vit chdt hitu co c6 cau tao don gian thanh nhitng
Vit chdt ¢6 cau tao phiec tap dé xay dung co thé va tao ra ngudn nang luong dy trit. Di
héa 1a qua trinh bién doi nhitng vit chdt cdu tao co thé va nguon nang lwong dir trit c6 cdu
tao phirc tap thanh nhitng vdt chat don gian va phéng thich nang heong ma co thé cé the
loi dung dwgc. Dong hoa va di hoa hoan thanh dugc 1a nho hai phan @ng phan giai va tong
hop.

Nhitng vat chét dinh dudng déu co tiém tang ning lugng nhat dinh nén trong qua
trinh vat chat bien d6i thi kem theo sy bicn doi vé ning lugng vi the trao doi chdt bao gom
hai mat khong tach roi nhau la trao doi vat chat va trao doi nang luong.

Trao ddi chat lai bao gdm hai ndi dung;

(1) sy trao d6i vat chat va trao d6i ning luong gitra co thé véi moi truong;
(2) Su chuyén hoa vat chat va nang lugng bén trong co thé.

2. Trao doi chit
2.1 Trao dobi chit protein

Protein 1a thanh phan quan trong nhat ctia moi co thé séng. N6 chiém khoang 16—
18% trong lugng co thé dong vat va trong co thé no & trang thai cdn bc%ng dong. Can bﬁng
dong c6 nghia 1a cac san pham trung gian ctia qua trinh trao doi chat protein tuy c6 thé tam
thoi 6n dinh nhung vé chat thi khéng ngirmg d6i moi.

Khac vai cac hop chat hiru co khac ciing tham gia tao thanh co thé, trong protid
ngoai carbon, hydro, oxygen ra con cd nitrogen, sulfur va déi khi c6 ca phospho. Protid
phd bién nhat 12 aloumin va globulin chira khoang 54% C, 7% H, 16% N, 1% S va 0,22%
O . Méi lodi déng vit c6 cac protein chuyén biét ciia né.

2.1.1 Chuyén héa protein trong co thé
Protein trong thirc an sau khi tiéu héa dugc hap thu vao mau dudi dang cac acid
amin roi qua tuan hoan tinh mach ctra vao gan. Sau khi dugc hap thu vao co thé, cac acid

amin thirc an clng Vi cac acid amin tir qué trinh di hoa protein trong co thé tao thanh “tap
hop trao doi chat cac acid amin’. Cac acid amin dugc chuyén hoa theo cac hudng sau:
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- Pugc té{zg hop thanh protein méi trong co thé, bao gdm ca protein huyét twong
va hemoglobin. O cac dong vat truong thanh cac protein ludn ludn duge thay the voi
nhiing ti 1¢ khac nhau. O chudt 1/2 tong s6 protein dugc thay thé trong 17 ngdy, ¢ nguoi 1a
86 ngay.

- Tao thanh nhitng chdt dic biét cé ban chdt protein nhu cac hormone, cac nucleic
acid, cac enzyme.

- Nhitng acid amin dung 1am nguon ndng lweong sé dwgc khir amin dé tao thanh
keto acid, tir keto acid s& tao thanh glycogen nhu ngudn dy trit ning luong tam thoi va
thanh lipid nhu ngudn dy trir nang luong lau dai. Keto acid ciing c6 thé 6xi-hda thanh CO,
va H,0 dé giai phong ning lwong cho co thé st dung.

Ngoai ra phan c6 dam (gdc amin) c6 thé bién doi thanh ammonia, urea hoic uric
acid thai ra ngoai co thé.

- Thong qua tac dung thay d6i gbc amin, gbc amin c6 thé chuyén sang cac hop chat
khac tao thanh acid amin mdi.

- Qua tac dung khir goc COOH tao thanh amin, bing con dudng nay tyrosine
chuyén thanh tyramin va histidine thanh histamin, 1a nhitng chat cé hoat tinh sinh hoc.

- Mot phéan acid amin ¢6 thé thdi theo nuwée tiéu va phan.
2.1.2 Can bang nito

Sy can bang nito dugc biéu thi bing cong thirc sau:

N: luong nito 1dy vao qua thirc an
n: lugng nito thitrc an khéng hap thu dugc
n’: lugng nito bi phan giai va bai tiét ra ngoai

- Khi k=1 = N=n+n’ dugc goi la trang thai c4n bang déu xay ra & nhiing co thé
da truong thanh.

- Khik>1= N>n+n’ dugc goi la trang thai can bang duong xay ra trong thdi
ky co thé sinh truong, phat duc, hoi phuc stre khoe sau khi 0m hay sau khi doi.

- Khi k<1 = N<n+ n’ duoc goi la trang thai c4n bang am xay ra trong thoi ky co
thé gia cbi, dau 6m, thiéu dinh dudng hay 1a bi d6i lau ngay.

2.1.3 Vai tro ciia gan trong trao doi chit protein
- Tong hop protein cho co thé.
Céc loai protein huyét twong (prothrombin, fibrinogen) chu yéu duoc tong hop &

trong té bao gan.
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- Gidi doc cac san phdam phdn gidi protein.

Gan c6 t&c dung b1en doi NH; (ammonia) do qua trinh khir amin thanh urea dé
duogc loai thai trong nudc tiéu. Néu co ning ciia gan bi pha v, urea khong hinh thanh
duoc, lugng ammonia tang 1én dong vat s€ bi ngd doc ma chét.

2.1.4 Vai tro ciia protein trong co thé

Khac vai lipid va carbohydrate, acid amin trong co thé khong c6 kha ning du trir va
cing khong ¢ cho du trlr nhat dinh. Acid amin thira trong ‘tap hop cac acid amin’ bi khur
amin va suon carbon dugc 0xi-hda tao nang lugng hay bién doi thanh carbohydrate hay
lipid.

- Protein c6 vai trd v0 cting quan trong ddi véi co thé, nd 1a thanh phan cdu o ciia
co thé (la thanh phan chi yeu tao nén nguyén sinh chdt té bao), la nguyen licu bé sung va
phat trién co thé. C6 thé ndi qua trinh sinh truong cua co thé 1a qua trinh tong hop protein
MGi trong co the.

Mbt s6 loai acid amin nhu tryptophane, lysine, histidine... rt can thiét cho su sinh
truong co thé dong vat ma ban than chiung khong tu tong hop duoc, phai dwa vao sy cung
cap tir thirc an. Néu thire dn thiéu cac thanh phan acid amin d6 thi sinh truong ctia dong vat
bi sut kém. Nhitng chat ndy goi 1 acid amin thiét yéu hay con goi [a acid amin khong thay
the duoc.

Protein nao chtra day du cac loai acid amin goi 1a protein c6 gia tri hoan toan.
Nhiing protein ndo chira nhiéu loai acid amin thiét yéu thi c6 gié tri dinh dudng cao hon.

- Protein con 1a nguon ndng lwong. Mdi gram protein dugc 6xi-hoa trong co thé s&
sinh ra mot nang hueong 1a 4,25 kcalo.

2.2 Trao ddi chit lipid

Trong 6ng tiéu hda m& cua thire dn duoc phan giai thanh glycerol va acid béo. Khi
Va0 té bao biéu mo6 cta mang nhay rudt ching lai hop thanh m& trung tinh roi di vao hé
bach huyét, mot phan nho di vao mau (30%).
2.2.1 Sw chuyén héa lipid trong co thé

Khi vao co thé m& dugc chuyén hoa theo cac hudng sau:

- Du trir lai dudi dang “mé du triv”, chu yéu dudi da va cac mo lién két noi tang.

Cac loai cé khac nhau thi noi tich lity m& ciing khac nhau. Ca sun md tich Iy ¢ gan
nhiéu nhat, ca chép tich liy ¢ m& mang rudt, c& chay tich lily md nhiéu nhat & t6 chuc lién
két dudi da, c6 loai tich liy m& ¢ co.

- Tong hop nhitng thanh phan cdu tao té bao cia cac té chirc co thé (phospho-
lipid).
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- Phan giai thanh glycerol va acid béo sau d6 truc tiép oxi héa thanh CO; va H,0
hoac chuyén bien thanh glycogen gan.

- Pugc cac tuyén thé st dung dé tao nén thanh phan cia chdt néi tiét ddc biét nhu
cac hormone steroid.

2.2.2 Vai tro ciia gan trong chuyén héa lipid
Mo o trong gan rat hoat dong vé mat trao doi chdt. Ba tac dung chu yéu cua gan la:

- Lam cho acid béo bao hoa thanh khéng b&o hoa tao diéu kién thuin loi cho sy
phan giai tiép tuc hodc chuyén hoa cta chung.

- Tao thanh cac vdt chdt phospholipid dé tham gia xay dung cac mé (mang té bao,
nguyén sinh chat) hay bi dxi-hoa.

- Tgo thanh cac thé ketone 1a san pham trung gian cua chuyén héa m&. Sau khi
dugc tao thanh & gan cac thé ketone ndy s& dugc chuyén dén cac md, nhat 1a mé co, dé
Oxi-hoa va sinh nang luong.

2.2.3 Vai tro ciia lipid trong co thé

- Lipid la nguyén liéu c6 nang heong cao nhcft,ql gr lipid khi duge 0xi-hoa s€ sinh
ra 9,45 kcalo. Lipid lai ¢6 thé du trir nhiéu trong co thé nén cO y nghia quan trong vé mat
du trit nang luong.

- Mé fa dung mdi ciia nhiéu vitamin (A, D, E, K). Khi an nhing thirc dn c¢6 md ciing
thuong co cac loai vitamin nay.

- C4c acid béo ¢6 thé dugc tao thanh trong co thé do mot loat phdn mg phan gidi va
tong hop acid béo, chiéu hudng ciia qua trinh ndy phu thudc vao nhu Cau nang lugng cua
co thé. Tuy nhién, cac acid linoleic, linolenoic, arachidonic va mot s6 acid khac co 1&
khéng thé tong hop duoc trong co thé dong vat, dé la nhitng acid béo khéng thé thay thé
chi c6 trong thyc vat. Khi thirc an thiéu nhitng acid ndy thi su trao d6i m&, thanh thyc sinh
duc, ... bi roi loan.

- M& 12 mét trong cdc thanh phan ciia térch#c, déc biét phospholipid la thanh phan
quan trong ciia mang té bao va nguyén sinh chat co lién quan dén tinh tham thau cuta té
bao.

2.3 Trao ddi chit carbohydrate (COH)

Céc dudng da (polysaccharide) trong thirc &n sau khi tiéu hoa bién thanh cac dudng
don (monosaccharide). Khi monosaccharide dugc hap thu vao mau thi bién thanh céi goi 1a
duong mau. Qua sy tuan hoan cia mau, duong mau phan bo dén khap b phan trong co
the.

2.3.1 Sw chuyén héa ciia COH trong co thé

C6 3 bude chuyén hoa:
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- M6t phan dugc cac mé truc tiép sir dung [Am nguyén liéu cung cap nang hrong.

- Mot phan duogc tong hop thanh ning lwong dw trit tam thoi glycogen, cha yéu &
gan va co. Ti 1¢ ham lugng glycogen ctuia gan va co 1a 1:7.

- M6t phan 16n glucose chuyén héa thanh lipid nhw nguon nang lwong 1au dai.
2.3.2 Vai tro ciia gan trong chuyén héa COH

- VI tat ca dong vat sir dung glucose nhuw mot ngudn ning lugng cho cac hoat dong
cta ban than chiing nén gan ¢6 mot vai trd quan trong trong su trao doi chat duong. Trudc
hét, n6 duy tri mot nguon quan trong cua glycogen vuot qua nhu cau trao doi chat cia
riéng ban than no, sdn sang chuyén héa thanh glucose tu do bai qua trinh glucogenolysis
tic 12 sy phan giai glycogen dé duy tri ham lrong duong mau. Vé phuong dién nay
glycogen gan tac dong nhu mot ngudn carbohydrate cho todn bo co thé. Sau khi glucose
thirc an di tir rudt vao mau va nong do glucose mau gia ting, gan hdp thu mét sé glucose
nay tir mau va bién doi né thanh glycogen, va cling véi cac co quan khic nhu co, ndo va
CaC mo khac lam cho ham lugng dudng méu dan dan giam xudng. Khi glucose mau giam
xudng dudi mot mirc ndo d6, mot phan ciia glycogen gan dwoc phan giai va giai phong vao
trong mau la glucose ty do va bang cach nay ham luong dudng mau dugce giit trong nhiing
bién dong nho.

- Vai trd quan trong khac ctia gan trong trao ddi chat duong 13 téng hop glucose
moi (gluconeogenesis). Trong khi doi cac co co thé st dung m& du trix nhu mt ngudn
ning lugng nhung hé thdng than kinh thi phu thudc vao glucose dan xuat tir acid amin
dugc tao ra boi sy phan giai cac protein mo.

Protein t.a COH t.a Lipid t.a
rotein t.a —Tieu hoa @ —>Tieuhoa  Tieu hoa<— P L&
~3,8 Kcallg 1,2-3,9 Kcallg ~8,5 Keal/g

Chéc nang : MAU & GAN

Cau truc T
<[ Aacids + peptids
1

1
Cac hat mo/| |
ac acid beo > ¢

2 . 1
D& trd Amino acids Cac Mmonoglyceride) |
Glucose 1 D& tro
6C. |
1
Protein - Lipids
2.5-4% BW 1-30% BW
B
L Oxi
(Bai tiett) ;Oz Glycogen hoa Ghi chu
G (phan tdl 5 glucose) ‘
30C 3 C. = chuoi 3 carbon
a . % BW = % Trong 166ng 66t
n | co Tz lel glycogen gan:cO =17
Carbohydrates
Acetate 2-4% BW
2C.
Chu trinh A
| |
0, ho! hap citric acid > C0; +H,0+33ATP

H.41 Cac con dudng trao doi chit chinh cua cac protein, carbohydrate va lipid & ca
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2.3.3 Vai tro COH trong co thé

COH la nguon ndng lwong chii yéu cho moi hoat ddng song cia co thé. Mdi gr
glucose khi 6xi-héa hoan toan san sinh ra 4,25 Kcal. Khi thirc an qh(ra COH tang 1én thj su
phén giai lipid va protid trong co thé giam di, vi nang lugng chu yéu do glucose cung cap.

Glucose sau khi dugc hép thu va0 mau s& chuyén hoa thanh glycogen nhu ngudn
du trir nang lugng tam thoi va phan 16n thanh lipid nhu nguon du trir nang lugng lau dai.

COH la mét trong nhing thanh phan khong thé thiéu duoc trong Cdu tao cia t6
chire co thé nhu cac chat glucoprotein & mang té bao.

2.4 Trao dbi chit nuéc

Nudc trong co thé 6 ti 1é cao nhét, & dong vat cao dang c6 khoang 70— 75% nudce
SO VGi trong hrorng, & lodi ca c6 khoang 80-85%. N6i chung ti 1¢ d6 twong d6i 6n dinh,
song su on dinh nay ciung 12 mot loai can bang dong, nghia 1a nudc trong co thé luén ludn
mat di nhung lai duoc bd sung khong ngirng.

Nuée trong co thé mot phan nhé & dang tu do, nhung phan 16n & dang lién két; vi
du lién két véi protid thanh thé keo. Trang thai lién két nay lam cho nudc mat tinh chat
chuyén dong va suc hoa tan.

Trong tinh trang méat nude s& tao nén sy rat nudce & to chirc déng thoi ciing s& dan
dén mat nhiéu mudi anh hudng dén sy can bang acid-base, dan dén tinh trang ngd ddc acid.
Nudc trong co thé c6 ¥ nghia quan trong vé sinh ly. Boi vi:

- Nude 1a thanh phan quan trong ciia ngi méi truong. Néu nudc giam xudng thi
nong d6 tham thau cia mau ting 1&n, mau Chay chém chap khong thé cung cap kip thoi cac
chat dinh dudng cho céc co quan, tré ngai dén sy trao ddi chit cua céc to chirc.

- Moi phan tmg sinh héa trong co thé déu xdy ra trong nuée. Thiéu nudc s& truc
tiép anh hudng dén qua trinh sinh hda cua co thé.

- Ti nhiét ciia nudc trong ddi cao va nude co thé du trir duoc nhiéu nhiét nén co thé
ngan chan sw bién doi djt ngdt ciia than nhiét, duy tri sy hoat dong binh thuong vé trao ddi
chit trong co thé.

Vai tro quan trong ctia nudc céd thé duoc minh hoa, vi du khi ca bi d6i lau, md du
trit hoan toan bj tiéu bién nhung cé van sdng; song chi can mat 10% nuwde ciia toan co thé,
C& S chét.

Ca 1a dong vat thity sinh, dich co thé ¢ ap suat tham thau rat khac voi moi trudng
bén ngoai nén thuong xuyén co sy trao ddi nudc gitta co thé véi moi truong. Thong qua
hoat dong cua than, ca ¢d thé diéu hda qua trinh trao doi nay.

2.5 Sy trao ddi mudi khoang

Ngoai cac chat chu yéu nhu dam, dudng, m& dwogc tao thanh tir carbon, hydro,
oxygen va nitrogen ra, trong co thé con c6 kha nhi¢u nguyén t6 tao thanh mudi vo co cung
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cap cho nhu cau cua co thé. Vai trd cua ching khac nhau, ¢ logi /& nguyén liéu tao nén té
chire, ¢o loai 1a chat can thiét dé duy tri chike nang sinh ly binh thuong, ¢é loai la chat xic
tac phan ing héa hoc.

- 1a nguyén ligu ciia t6 chitc nhu cic mudi phosphate potassium va carbonat
potassium 1a thanh phan quan trong ciia xuong va rang. Sat 1a thanh phan quan trong cia
myoglobin va hemoglobin; phospho 1 thanh phan quan trong ciia phospholipid... Tét ca
dé}l 1a nhitng thanh phan khong thé thiéu duoc dé duy tri sy hoat dong binh thudng cua co
thé.

- logi duy tri chike nang sinh 1y binh thirong nhu cac loai mudi kiém giup cin bang
acid-base, duy tri 4p suat tham thau va can bang nudc, v.v.

- 1a chdt xiic tdc nhu trong phan ung trao doi cl}ét COH, Mg?* ¢6 thé thic ddy cho
phan trng tién hanh thuan lgi. Mot s6 cac kim loai 1a chat hoat hda cac enzyme tiéu hoa...

- c4c mudi khoang c6 vai trd dic biét quan trong trong Sw dan truyén than kinh va
la thanh phan cau tao ciia cac hormone cd tac dung diéu hoa qua trinh trao doi chat binh
thuong cua co thé dudi anh hudng ctia cac yéu to bén trong ciing nhu bén ngoai.

O céa thuong xuyén co sy trao d6i mudi khoang véi moi trudong bén ngoai. C4 thong
qua hoat dong ctia mang, rudt va than dé diéu hoa cac qua trinh trao doi nay.

+ Tac dung sinh Iy ciia mot s6 nguy@n 6 vi lwong

Nguyén té vi luong ton tai trong co thérvc'ri mot lugng rat nho (10'3—1Q'12%) nhung
co anh huong 10 rét dén qua trinh trao doi chat cua co thé. Nhirng nguyén t6 quan trong
nhat 1a sat (Fe), dong (Cu), cobal (Co), iod (I), mangan (Mn), kém (Zn) va fluor (F).

- Sét (Fe): Fe trong co thé dudi dang hop chét hitu co (hemoglobin, myoglobin J)
va hop chit vo co (Fe dy trir). Sét dy trit cha yeu & trong gan sau d6 la ty tang va tay
xwong. Sit trong co thé ¢ nhidu dang khac nhau vé phuong dién két hop hoéa hoc va vé
phuong dién chiric nang.

Sét 12 mot thanh phan cta hemoglobin giit vai trd van chuyén oxygen.

- Dong (Cu): Cu 12 b phan tao nén nhiéu enzyme 6xi-hda nhu polyphenol oxidase,
lactase, acid ascorbic oxidase va tyronase nén n6 c6 lién hé chit ch& voi hé hip mé bao.
Cu la chat xac tac tao thanh Hb, thuc day su sir dung sit. Thiéu dong thi sy bién dudng Fe
ciing bi anh huéng, dong vat xuét hién triéu ching thiéu mau c6 tinh chat dinh dudng, sinh
truéng ngung.

Ddng tham gia tao thanh sic t den. Lugng Cu can thiét vao khoang 6/7 Fe.
- Cobal (Co): Co la mot bd phén tao thanh vitamin Bio. O c4 chép, su bd sung Co

trong thirc an l1am gia tang s lugng hong cau va ham luong Hb, giam ti 16 chét, gia ting
sinh tredng va sinh san va gia tang sy loi dung thire an cua ca.
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- Tod (I): ham lwong iod trong co thé rit it, da sd chira trong tuyén giap, I tham gia
tao thanh Todotyrosine va thyroxine dugc phan bo rong rdi va chi c6 ¢ dong vat xuong
song.

lod thdng qua hoat dong cua tuyén giap dé kich thich trao d6i chét cia co thé. Néu
thiéu I dong vat bi cac rdi loan vé sinh trudng va thanh thuc sinh duc.

- Mangan (Mn): Mn la chat kich thich ctia nhidu enzyme trong co thé, n6 ¢ anh
huong truc tiep dén vige tich liy Ca, P va thic day tac dung tao xuong.

Khi trong thic an hang ngay ctia dong vat non khong di Mn thi ham lugng enzyme
phosphatase trong mau va xuong giam anh huéng dén hoa cot xuwong cia con vét, xuong bi
bién hinh. Bong vat truéng thanh thiéu Mn thi chirc nang sinh duc s€ suy yéu.

- Kém (Zn): Zn 1a thanh phan cin thiét cia enzyme carbonic anhydrase, chit xuc
tac sy hydrat héa caa CO, trong nhiéu mé nhu mang, t& bao mau do va than dong vat
xwong song cho nén Zn 1a nhan té can thiét cho qué trinh hd hip ciia md bao va can bing
acid-base cua than.

- Fluor (F): F dugc tim thdy trong cac chat don vi & xwong va ring nhung trong su
thdng du gay ra nhimg cau triic khong binh thuong. F c6 the e cheé mét s6 enzyme do do
khi F qua nhiéu s& anh huong dén trao doi chat.

2.6 Vitamin va sy trao ddi chat

Vitamin 1a nhitng chat hitu co cin thiét cho co thé. Chang khong phai 13 nhiing
nguyén liéu chi yéu dé tao nén co thé, ciing khong thé cung cip ning lugng nhung lai 1a
M6t trong nhitng thanh phan cia nhiéu enzyme quan trong tham gia vao qua trinh trao doi
chdt. Luong vitamin duoc doi hoi rét it nhung Vi phan 16n dong vét khong tu tong hop
dugc nén phai lay tir thirc dn. Khi co thé thiéu hay thira vitamin thi dong vat s& méic nhiing
loan chirng dic biét — cac bénh thiéu hay thira vitamin.

2.6.1 Vitamin hoa tan trong nudéc

Cac vitamin hoa tan trong nudc c6 chirc nang nhu cac coE trong cic phan ing trao
doi chat chuyén biét, can thiét doi véi hau hét, néu khong néi 1a tat ca, té bao dong vat.

2.6.2 Vitamin tan trong mé

- Cac vitamin A: dugc biét dudi 2 hinh thirc A3 va A, Vitamin A; hién dién ¢ dong
vat xuong song cao dang va ca bién, con A, chiém uu thé ¢ ca nudc ngot. Hai phan tir
vitamin A dugc tao thanh tr mt phan tir B carotene, c6 trong nhiéu thyc vat, xay ra ¢ gan,
nhung chinh ¢ rudt.

Trong sy thiéu hyt trim trong n6 ¢ thé gay ra sy tri hodn sy phat trién xuong va
lam ton thuong da ca. Du thira vitamin A trong khau phan c6 thé gy ddc, triéu ching l1a

sinh truéng giam, microhematocrit bi ha thip va sy bao mon vi dudi va cudng dudi.

- Vitamin D: ¢6 nhiéu hinh thic D1, D, D3
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Ds hién dién & gan cé gitp su hip thu Ca tir ng tiéu hoa, va véi parahormone diéu
hoa mirc d6 canxi mau va sy hoat hoa Ca cho su khoang héa xuong.

- Vitamin E: su thiéu hut vitamin E gy ra mot sy thoai hoa cua biéu bi tinh nang
cho ra nhirng tinh trung khéng hoat dong. Su hoai tir gan, xuat huyet cuc bo va ton thuong
tinh sao d& dugc quan sat ¢ ca.

- Vitamin K: hién dién vi 2 hinh thie K; va K,

O thit ca c6 Ky, kich thich sy tao thanh prothrombin can thiét cho sy dong mau. Sy
thiéu hut dan dén sy xuat huyet.

B. Nang lwgng sinh hgc (bioenergetics)
1. Téong quan

Bioenergetics la nghién ctru viéc sir dung ning luong bai cac sinh vat song. Di voi
dong vat, nghién ciru ndy bao gom phan tich cdc ngudn ning luong, cac phuong phap thu
ning luong, cac con dudng phan b cia nd trong con vat, cac cudng do sit dung dudi
nhirg diéu kién khac nhau va trang thai ning lugng cudi cling cta cac san pham dang roi
khoi con vit.

Céc don vi cua nang lugng thuong 1a calorie (cal) hay kilocalorie (Cal hay kcal) va
joule (J) hay kilojoule (kJ) trén mot don vi trong lugng chuyén biét. Cuong do tiéu hao (st
dung) nang luong thuong dugc tinh kcal/kg/gio hay kcal/kg/ngay.

Viéc do ning luong tiéu hao truc tiép v6i san xuét nhiét thi kho &p dung voi cac
dong vat mau lanh nho, chang han nhu ¢4, nén ning lwong tiéu hao ludn ludn dugc do gian
tiép thong qua tiéu hao oxygen. Tiéu hao oxygen d6i khi duoc tinh bang mL O,/kg/gio (v6i
thé tich oxygen duoc diéu chinh theo nhiét do va ap lec khong khi) nhung thuan tién nhat
la tinh bang mg O,/kg/gid. Gitra thé tich va trong lugng oxygen cé thé chuyén dbi: 1 mg
02 = 0,70 mL Og; va gitra oxygen va nang lugng: 1 mg O2/kg/gio = 0,00337 kcal/kg/gio
hay 0,081 kcal/kg/ngay, 1 kcal/kg/gio =297 mg O,/kg/gio; va 1 kcal = 4,184 kJ.

Dbi voi cac dong vat, ngudn ning luong co ban 12 thirc in nhung ning luong thirc
an s& khong co gid tri cho t6i khi thire an dugc an vao, tiéu hoa va dong hoa boi hé thong
tiéu hoa. Phan 16n ning luong duoc giai phong tir thirc an boi qua trinh dxi-héa nén ning
lugng sinh hoc thuong dugc khao sat dudi dang tiéu hao oxygen.

Cac khia canh phan tir cua dong nang luong (energy flow), mét ndi dung cia trao
d6i chat (metabolism), 1a mot su ket hop chtre nang cua gan va co, nhung ciing lién quan
dén su diéu hoa thim thau va bai tiét cac san pham thira ctia bo may trao d01 chat. Mot sb
lugng nang luong va vat chit thé khong can cho cho duy tri va cac yéu Cau thong thuong
cho hoat dong song thuong nhat s& duoc sir dung cho ting trudng, san xuat cic san pham
sinh duc va du trr.

Alexander (1967) dién ta y tuong chung cia sy phin bd ning lugng va sy quan
trong cua viéc st dung nang lugng hi€u qua trong mdt cong thic:

WF=g(G+H)+R+S
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Trong do:

F: lugng thirc dn an vao

G: sinh truéng (san xuit mé moi)

H: cac giao tu

R: trao ddi chit co ban

S: boi hay hoat dong khac

p: hing sb, thuong bang 0,8 (20% thirc dn bi mat trong phan, nudc tiéu, hodc
ammonia thai boi mang ma khong di vao cac con dudng san xuét ning luong trong qué
trinh trao d6i chét cua ca)

Yéu tb ting truong va san xuét giao tir, g, xdp xi bang 2 boi vi cin gap doi nang
lugng dé san xuat cac mé méi so véi viée duy tri cac mé hién tai. Mot so ti 1€ phan tram
tiéu biéu cho viéc str dung thirc an trong cong thirc ctia Alexander nhu sau:

0,8X100=2(5+ 1) + 34 +34

C6 nhitng thoi diém 1am cho cac gia tri trén khong chinh xac, chiang han ca khong
an khi di Iuu hay sinh san. Mot thi du khéc 12 & ca bon (flounders) duoc cho in mot khau
phan an tbi thiéu van tiép tuc sinh truéng nhung khong san sinh giao ti, H = 0. Hay cé hai
cuong d6 van dong (S) va trao doi chit co ban (R) ¢6 thé thay d6i theo nhiét do va mia vu.

Y nghia cua cong thirc trén Ia chi ra anh hudng twong dbi 16n trén sy sinh san (H)
cta nhirng thay doi twong dbi nho trong bat ky thay ddi cua cac yéu td khac. Vi du, néu
thirc 4n an vao tang tir 100 1&n 101, sy san xuat giao tir ting tir 1 1én 1,4 (40%). Hay néu
¢4 an lugng thuc an binh thuong nhung giam van dong 2% (S = 32) thi H s& tang 1én 2
(100%). Sinh trudng va sinh san duong nhu la tong s6 va 1a su két hop ciia mot lich sir qua
khir ctia c4 phdi hop vi kha nang dé d6i pho véi méi truong ca nd.

2. Bao hoat dong (performance envelope) ciia ca

Mot cach dién ta ' &
nhirng kha nang nang lugng
sinh hoc cua mot con ¢4 1a | pepie e :
vGi mot da giac 4 canh (bao 1 ’:
hoat dong). Cac canh phai t» o
va trai 1a nhimg gi6i han
nhiét do giy chét cao va
thap cho mot con ca ndo do
trong khi cdc canh trén va
dudi 1a cac cuong do tiéu
hao oxygen t6i thiéu (img
Vi trao d6i chat co s¢ hay
tiéu chuan) va téi da (hoat
dong tich cyc 6n dinh).
Bién gioi trén thuong gom -
2 phan, phan bén trai duoc ’ . R BRI
Cho la bi £1o1 hein bql nhl?F H.42 Cuodng d6 tiéu hao oxygen cuta 4 lodi ca trong sy 1ién hé
do trong khi phan bén phai i it do (theo Brett, 1972)
duong nhu bi gi¢i han boi

o
A
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tinh gia tri cia oxygen. Phan 16n, nhung khong phai 12 tat ca, ca cho thiy cé su gian doan
tuong tu vé cuong do tiéu hao oxygen cuc dai.

Phan 16n cac cudng do6 tiéu hao oxygen trong mot ngay tiéu biéu trong doi sdng ciia
MOt con ca xay ra trong cac bién gidi bao hoat dong ctia nd va phan 16n 12 ¢ nira dudi cia
gidi han co ban va tich cuc. Gigi han hoat dong cua ca thi tuong tu nhu ludng cu va bo sat
nhung thap hon chim va hitu nhi.

Pham vi trao ddi chat (metabolic scope) 1a ti s6 giita cuong d6 tiéu hao oxygen tich
cuc va co s0. Cac loai ¢ khac nhau c6 pham vi trao d6i chat khac nhau.

3. Trao doi ning lwong

Vit chét dinh dudng déu co chira nang luong nén qué trinh trao doi vat chat ciing
kém theo qué trinh trao doi nang lugong. Cac qua trinh trao doi nang lugng rat phuc tap,
hinh thirc da dang nhung cuoi ciing deu bien thanh nhiét nang thdi ra ngoai.

3.1  Giatrinhiét ciia cac chit dinh duéng

MG&i gram COH hodc lipid du ddt chdy bén ngoai hay bén trong co thé déu sinh ra
mot nang lugng Q = 4,25 Kcal va 9,45 Kcal. Mdi gram protein khi dot chdy bén trong co
thé sinh ra mgt nang luorng Q = 4,25 Kcal (khi d6t chdy bén ngoai co thé téa ra 5,4 Kcal)
Tri sé ning lwong cua cac chat dinh dudng khi dot chdy bén trong co thé duwoc goi Ia gia
tri nhiét cua thuce an.

Mic du nhiing gia tri nay duoc ding cho tat ca cac loai dong vat trong nhiéu nim
(va van con trong nhiéu nghién ctru) gan day chiing d8 dugc diéu chinh tuy theo kha nang
tiéu hda cua con vat dugc nghién ciru.

Phillips and Brockway (1959) d4 x4c dinh cac gia tri nhiét d6i voi 3 lodi ca hoi
(brook, brown va rainbow trout) nhan thiy ching c6 kha ning tiéu hoa va hap thu 85% dbi
v6i lipid, 40% ddi v6i carbohydrate va 90% dbi voi protein. St dung cac mire do tiéu hoa
ndi trén va c6 su diéu chinh cho protein ddi voi ham luong nito ciia n6 (nitrogen khong thé
c6 gia tri vé niang luong), c4c tac gia xac dinh gia tri nhiét ddi voi ca hoi 1a 3,9 kcallg
protein, 8 kcal/g lipid va 1,6 kcal/g COH.

Céc gia tri nay khong ¢ dinh ddi véi cac loai ca khac trir phi chung tiéu hoa cac
nhom thirc an dugce danh gia twong tu nhu ¢ hoi.
3.2 Tinh toan niang lwgng thirc an

Nang lugng thirc an duoc xac dinh bdi nhiét sinh ra trong sy dbt chay hoan toan
trong mot nhi¢t lugng ke (calorimeter). Don vi tinh 1a calorie (cal) hay kilocalorie (Cal,
kcal) va joule (J) hay kilojoule (kJ) la s6 lugng nhiét can thiét d€ nang nhiét d6 1 kg nude
Ién 1°C. (1 kcal = 4,184 kJ).

C6 hai phuong phap duoc dung dé tinh toan gi tri ning luong ciia khau phan thirc
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(1) Nang lugng dugce xac dinh mdt cach truc tiép trong mdt bom nhiét lugng ké
(Maynard va Loosh, 1962).

(2) Nang luong t(X)ng’cC)ng ctia khau phan an dugc xac dinh gian tiép tir gia tri nhiét
trung binh cua cac nhom chat dinh dudng (protein, lipid, COH).

. Phuong phép thtr hai thuong duge dung vi phuong phép thi nhét thi lau, phuc tap
va ton kém.

4. Céc yéu td chii yéu anh huong dén trao ddi chit co thé
4.1  Trao doi chit co s& (tiéu chuin)

Vi muc dich thyc tién dé danh gia hay so sanh cuong do trao ddi chat nguoi ta
thuong dung khéi niém trao doi chat co so.

Trao d6i chat co s& 14 sy trao ddi chit cua dong vat trong didu kién tiéu chuan.
Dong vat ¢ tinh trang yén tinh, da day khong co thtc an, than kinh khong bi cing thang va
nhiét d6 moi truong toi thich hgp. Nang luong do trao d6i chat co s sinh ra chu yéu dé
duy tri nhiing hoat dong t6i thiéu cua cic co quan noi tang, than kinh va c4c chac nang
séng t6i thiéu khac, ning luong ndy chi co thé gitip co thé ton tai chir khdng thé sinh
truong.

42  Céc yéu to anh hwéng dén trao ddi chit cia ca
4.2.1 CAc yéu té bén trong

+ Loai cé: cac loai ca khac nhau co cuong do6 trao dbi chat khac nhau. Cac loai ca
co tinh an twong ty nhau, ca nao c6 cuong do trao doi chat 1on hon thi toc do sinh truong
I6n hon.

+ Tuoi cd: cuong do trao doi chat cua ca nhd cao hon cua ca lon.

Cé chép ¢ 12 g c6 cuong d trao doi chat 24,48 kcal/kg.ngay va ca chép ¢ 100 g
co cuong do trao doi chat 7,97 kcal/kg.ngay

+ Phai tinh: c4 dyc co cudng do trao ddi chat cao hon ca cai.

+ Thanh thuc sinh duc: trong qué trinh phat trién tuyén sinh duc, cuong do trao doi
chat cing khong glong nhau. C4 & giai doan IV thanh thyc cua tuyén sinh duc c6 cuong do
trao doi chit cao nhét.

+ Dinh duéng va déi: khi ¢4 dn no cuong do trao ddi chat ting 18n va khi bj doi thi
cuong do trao do6i chat giam xuong. Ca an céc loai thic an khac nhau thi cuong @6 trao doi
chat khac nhau.

Trong nhiing ngay dau cia sy doi, cuong do trao ddi cht giam rat nhanh va sau d6

giam rat cham. Khi d6i nang lugng can thiét dé duy tri sy sdng cuia dong vat hoan toan nho
Vao Vvt chat cua co thé. O hiru nhii thir ty vat chat trao doi 1a glycogen, lipid va protein. O
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c4, Nagai va Ikeda (1971) c6 nhan xét nguoc lai, thir tu chit trao d6i 1a lipid, glycogen va
protein.

+ Sy vdn dong: ca van dong nhiéu c6 cudong dd trao do6i chat cao hon ca it van
dong.

422 CAc yéu té bén ngoai

+ Nhiér dg: khi nhiét @6 gia ting thi cuong do trao doi chit cia ca ting nhung co
Mot khoang nhiét d9, khi nhiét d6 tang, cuong d¢ trao ddi chat cua ca tang khong dang Kké.
Khoang nhiét nay duoc goi 1a “pham vi nhiét d6 thich hop cua ca”. Pham vi nhiét thich
hop thay ddi tiy theo loai ¢4 va giai doan sinh truéng cta ca. Ca 16n co pham vi thich hop
rong hon ca nho. Doi v6i mdi lodi c& c6 mot nhiét d6 t6i hao cho trao ddi chat ciia no, va
néu dugc cho phép mot con ca s& chon mdi truong thuan loi nhat vé nhiét do, va nhiét do
t6i hao ndy ndm trong pham vi nhiét thich hop.

+ Anh sang: ca duogc giit dudi 4nh sang c6 cudng do trao ddi chat 16n hon ca giir
trong bong toi.

+ MUa vu: c& hoat dong manh nhat vao cac thang mua he, kém hoat dong vao cac
thang mua dong; noi cach khac, cuong do trao doi chat cua ca cao & mua he, thap ¢ mua
dong do do nhu cau nang lugng cac thang hé cao hon cac thang mua dong.

+ DOng nudc: ca & nude chay co cudng d6 trao ddi chat cao hon ca & nudce tinh.
Luu téc nudc gia ting s& lam gia ting ning luong dugce doi hoi cho viée duy tri & moi
truong. DAy khong phai 1a ning lugng boi can thiét ma 1a ning luong gia ting duoc yéu
cau dé duy tri vi tri trong moi truong.

+ CO, va pH: cé sdng trong moi trudng c6 ndng dd CO, cao hay pH thap thi c6
cuong do trao doi chat thap hon ca song trong mdi truong cé nong do CO, thap va pH cao.

C. Dinh duwdng cia ca
1. Khéi niém

Dinh dudng la sy cung cap nhiing vét chat can thiét cho viéc duy tri doi séng (trao
ddi chét). Mot sb vat liéu s& duge dung cho sy xay dung cac t6 chirc cua co thé (déng hoa)
va mot sb cho viée tao ra nang lugng (di hoa). Thirc an ctiia ddng vat co thé phan chia thanh
thuc an nang lugng va sinh truong nhu carbohydrate, lipid va protein va thirc an khong
ning luong nhu cac khoang chit, vitamin, nuéc va oxygen. Phan 16n cac thirc dn khong
ning luong déng vai trd bo sung cho céc thirc in ning lugng va mic dau rat nhidu trong
chiing duoc doi hoi voi sb lugng rat nho (cac vitamin, cac nguyén té vi luong) nhung
chding rat can thiét cho doi song .

2. Gi4 tri dinh dudng ciia khdu phan thirc dn
Puoc xac dinh bai:

- M6t sy can bang giita cac thirc an ndng luong va sinh truong (carbohydrate, lipid
va protein) nham dam béao sy cung cap vat liéu nang lugng cho hoat dong dong hoéa tbi hao
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va vit liéu séng cho su phat trién bao gdm kién tao cac md, sinh san va thanh lap cac san
pham ma co thé can (hemoglobin, hormone, enzyme, ...).

- Sy hién dién cta cac nguyén té (khoang chit) nhét 1a nguyén té vi luong va chat
xUc tac can thiét (vitamin).

- Su cung cép day du thirc an phy (nude va oxygen).

- Ngoai ra, gia tri dinh dudng cta khiu phan con duoc xac dinh boi kha ning ca co
thé tiéu hda va hap thu tot nhat. N6 phu thudc trang thai vat ly cua thirc an va loai va so
lwgng cua enzyme trong ong ti€u hoa.

3. Nhu cdu ning lwgng
3.1 Nhu ciu niing lwong tong cong

Thire an sau khi trdi qua qué trinh tiéu hda dugc co thé hap thu va sir dung vao 2
muc dich: mt phan tao thanh vat chat cua co the va mot phan duoc di hoa d€ cung cap
nang luong can thiét cho cac hoat dong song. Céc vat chat co thé sau do cling qua qua trinh
di hoa d¢ tao ra ndng luong . Nhw vdy cé thé néi nang lwong thirc an hap thu duoc gom
nhitng dang nang luong tich lily va nang luong ti€u hao. Ti I¢é giita hai dang nay thay doi
tuy theo loai ca va tuy theo giai dogn sinh truong.

O cé pike, ti 1¢ nay khoang 14-33% calorie hap thu dugc tich liiy trong cdc md va
khodng 67-86% ndng luong hoat dong (Winberg, 1960). O ca hoi (trout) ti 1¢ nay la 30/70
(Phillips va Brockway, 1959). Ivlev (1939) tim thay ¢ c4 sheatfish 65,7% calorie cua nodn
hoang dugc tich lily trong co thé sau khi hap thy noan hqéng hoan toan, 34,3% calorie
dugc dung cho nang lugng. Diéu ndy sé tré nén kho khan gap doi khi ca sheatfish 16n hon
do phai tim kiém thirc an cua chiing va ty duy tri trong mdi truong, 1a nhiing hoat dong
khong can thiét cho ca trong thoi gian chung song trong mot mdi truong duge bdo vé va
thy thudc vao nodn hoang nhu ngudn thirc an.

3.2 Tinh toan nhu ciu ning lwong

Cé str dung cac ngudn ning lugng thirc n in vao (C) cho cac myc dich:

(1) Tong hop cac md cua co thé (P)

(2) Cung cép nang lugng cho qua trinh trao doi chat (R)

(3) San pham thira dugc thai ra ngoai (E)

C=P+R+E

+ P ¢4 thé bao gdm céac thanh phan sinh truéng (Pg) hodc/va sinh san (Py)
P=Py+P,

+ Trao dbi chét tong cong bao gdom mot sb thanh phan phu

- Trao di chit tiéu chuén, Rs, khi con vat ¢ trang thai nghi;
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- Trao d6i chét thong thuong (duy tri), Rg, khi con vat & trang thai hoat dong binh
thuong;

- Trao d6i chat khi an, Rr, Ung véi tac dong dong luc dic biét (SDA, Specific
Dynamic Action) khi con vat vira an;

- Trao ddi chit van dong, Ra, khi con vat & trang thai van dong tich cuc;

R = Rs + aRr.s + bRrs + CRAs
Véia, b, c 1a ti 1€ thoi gian

+ E ¢6 thé bao gdm phan (F), san pham bai tiét trong nudc tiéu: urea, ammonia (U)
va chat nhay (Muc)

+ Tong hop cac thanh phan riéng biét, ta co
C=(Pg+ P+ (Rs + aRg-s + bRrs + CRas) + (F + U + Muc)
Theo Brett va Groves (1979) thi
-Caandong vat:  100C = 29P + 44R + 7U + 20F
- Ca an thuc vat: 100C = 20P + 37R + 2U + 41F
3.3 Cach tinh nhu cau thitc in hang ngay caa ca

Nhu Cﬁg ning lugng cia ca dugc xac dinh gian tiép thong qua tiéu hao oxygen va
thuong so ho hap RQ (Respiratory quotient) cua cd. RQ dugc xac dinh nhu sau.

Céach tinh RQ:
__VCO,
RQ= Vo,
+ Di véi trao doi chat duong

CeH1206 + 60, ————> 6CO, + 6H,0 + 637 kcal

. VCO, . 6*224
RQ= Vo, = 6224

+ Ddi v6i trao doi chat lipid
2(CssH10606) + 1570, —> 106H,0 + 110CO; + 16353 kcal

Ro= _VCO» _ _ 1107224
- V0, ~  157*224

0,7

+ Dbi v6i trao doi chat protid
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Bang thuc nghiém d6t chay 200 g protid can 96,61 L O, va sinh ra 77,31 L CO,

RQ = VCO, _ T7731LCO;
© VO,  96,61LO,

0,8

Nhue viy RQ cuia déng vt binh thuong chi bién déng trong khodng 0,7-1. Dong vt
an co ¢6 khuynh hudng c6 RQ cao hon dong vat an thit.

Carbohydrate Lipid Protein

kcal/g 4,25 9,45 4,25

L O./g 0,82 2,03 0,97

L CO2/g 0,82 1,43 0,78

RQ 1 0,7 0,8

kcal/L O, 5,0 4,7 4.5

J/img O; 14,76 13,72 13,36 (NHs)
13,60 (Urea)

Cin ctr vao nhu cau nang luong clia ca nudi va gia tri nhiét cua thic in, ngudi ta c6
thé tinh nhu cau thirc an hang ngay cua ca mét cach gan dung.

Dé so sanh hiéu qua cia cac khau phan thirc in nguoi ta thuong ding hé s thie an
(Feed Conversion Ratio, FCR) 1a khdi lugng thirc an can thiét dé tao ra mot don vi khdi
luong thit ca. Nhung vé gi4 tri dinh dudng ctia khau phan ngudi ta thudng cin cir trén s6
calorie cua thirc dn can dé tao ra mot khéi lugng thit ca.

Phillips va Brockway (1959) tinh toan trén cé brook trout.

Loai thuc dn Ning luong thiic n | Niang lugng —>1 kg thitca | Hé so thic an
Thurc an ty nhién 640 kcal/kg 2.000 kcal/kg 3,1
Bot thit kho 1540 * 4.600 ©’ 3
Thit 990 *’ 2.600 2,6
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