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CHUONG 1 - KHA NANG CHUYEN HOA CUA PROTEIN, GLUXIT, LIPIT

1.1 CAC BIEN POI CUA PROTEIN TRONG QUA TRINH SAN XUAT VA
BAO QUAN

1.1.1 BIEN POI DO NHIET

Céc qué trinh ché bién thyc pham bao gdm dun néng, lam lanh, sdy, st 1y
hoé chat, 1én men, chiéu btrc xa va cac qua trinh xtr Iy khac. Trong d6, dun néng 1a
qua trinh ché bién dugc sir dung phd bién nhat.

Thong thuong, dun néng dugc thuc hién nham muc dich vo hoat vi sinh vét
va cac enzym ngi sinh (endogenous enzyme) gy cac phan tng oxy hoa hodc thuy
phan khong mong mudn khi bao quan hodc dé bién d6i hdn hop cac thanh phan
nguyén liéu thuc pham khong hap dan thanh san phdm thuc phdm c6 két ciu dong
nhat va c6 stc 16i cuén vé mit cam quan. Hon nita, mdt sb protein nhu [3-
lactoglobulin va a-lactalbumin tir sita bo va protein tir dau nanh cé thé gy di ung,
tr¢ thanh v6 hai nho qua trinh nay.

Tuy nhién, cac anh hudng cé loi nhd qua trinh dun néng thuc phim giau
protein noi chung thuong di kém véi mot s6 anh huong xau, lam giam gia tri dinh
dudng va céc tinh chat chirc ning ctia protein.

Gia nhiét vira phai

Gia nhiét vira phai chi 1am protein bién tinh va gitp cai thién gia tri dinh
dudng cta san pham, do:

- 1am mét doc tinh cua cac doc td co ban chat protein (nhu enterotoxin cua
Staphyloccocus aureus) hodc cta cac chat kim him céc enzym duong tiéu hoa (nhu
antitripxin Kunitz va Bowman c6 trong hat dau tuong).

- 1am vo hoat cac enzym (protease, polyphenoloxidase, lipoxydase...) von
xuc tac phan img pha huy cac vitamin.

- lam tang kha nang tiéu hod ctia mot sd protein do lam dudi mach peptit cua
chung, giai toa cac gdc axit amin trude ddy bi vai trong phén tir, do d6 tao diéu kién
cho protease tic dung dugc thuan loi hon.Vd.: colagen, glixinin dau tuong,
ovalbumin...

Thanh trung

Gia nhiét kiéu thanh tring & nhiét do 16n hon 110-115 °C cac san pham giau
protein nhur thit, c4, sira s& gdy pha huy mot phan cac gdc xistin, xistein hinh thanh
nén H,S, dimetylsulfua, axit xisteic va hop chat bay hoi khac khién cho cac san
pham nay c6 mui dic trung.



Gia nhiét khan
Gia nhiét khan protein & nhiét o trén 200 °C (nhiét do ran thit va ca) tao ra

o, B hodc y cacbolin do phan ing vong hoa cua tryptophan:

R R CH
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a-cacbolin p-cacbolin y-cacbolin
(R=H hay CH,) (R=H hay CH,) (R=H hay CH,)

Gia nhiét & nhi€t do cao

Gia nhiét & nhiét 6 cao (hon 200 °C) thuc pham giau protein c¢6 pH trung
tinh hodc kiém tinh s& xay ra:
o Thuy phan céc lién két peptit va ddng phan hoa cac gdc axit amin, tao ra hdn
hop raxemic do d6 1am giam gié tri dinh dudng di 50%, do cac ddng phan D dugc
tao thanh kho bi tiéu hoa hon;
o Ph4a huy mot sd axit amin: nhu arginin s& bi chuyén thanh ornitin, ure,
xitrulin va amoniac. Xistein bi chuyén thanh dehydroalanin. Gia nhiét & méi truong
kiém, serin, treonin va lizin cling bi pha huy;
° Tao cau ndi d@)ng hoa tri kiéu lyzinoalanin, ornitinoalanin hoac lantionin lién
két gbc dehydroalanin (DHA) & chudi polypeptit nay véi cac goc lyzin, ornitin hodc
gdc xistin & chudi polypeptit khac.

Gbc DHA dugc tao ra do phan tng loai B gdc xistein hodc phosphoserin:

(0] B} (0]
—NH—HC——lé— E» —NH— '——g— = —NH—C—E— + X
C|)H2 (|3H2 lcl‘,Hz
X X
(X 1a SH hoic —PO;H,) gbc DHA

Mach polypeptit co chua gbc lizin, goc ornitin hodc gbc xistein s& két hop
v6i mach polypeptit co chua géc DHA theo so d6 sau:
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Khi xtr 1y nhiét thit hodc ca ¢ nhiét do cao hon nhi¢t d6 thanh trung thi con
tao ra cau dong hoa tri kiéu izopeptit giud gdc lizin cua chudi peptit nay véi goc
glutamic hodc gbc aspartic cua chudi peptit khac:

Hl|\l l|\lH
CHy— (CHy)g—NH—C—(CH,)y—HC
0=C lcl) “e=o0

| |
Cau izopeptit

V& phuong dién dinh dudng, viéc tao ra cdu dong hoa tri izopeptit trong cling
mot phan tr hodc giud cac phan tir s€ l[am giam do ti€u hoa cua nito, giam hé sb sir

dung protein va gia tri sinh hoc cud protein. Hon nud do hiéu tmg khong gian céc

cau dong hoa tri (glutaminlizyl hodc aspartyl-lizyl) s& ngin can khong cho céc
protease dén duoc ving dic hiéu dé thuy phan do d6 1am cho qué trinh tiéu hoa
protein bi cham lai.
1.1.2 BIEN POI DO ENZYM
Trong qué trinh bao quan cac thuc pham gidu protein thudng xay ra hién
tugng 6i thdi lam mat gia tri dinh dudng cua thyc pham. Nguyén nhén 14 do tac
dung cua enzym c6 sin trong thyc pham, ciing nhu cua vi sinh vt xdm nhap tir moi
truong ngoai vao. Khi dé protein bi chuyén hoa theo nhiing phan tng co ban sau:



a) Phan ung khtr amin:
R—CH—COOH 4+ H,0 —» R—CH—COOH +  NH,
NH, OH

enzym cua

vi sinh vat hieu khi

R—CH—COOH + Hy R—CH,-COOH + NH;

NH,

b) Phan tng khtr nhom carboxyl:
R—CH—COCH —_— R—CH,—NH, + CO,
NH,
Phan img nay tao thanh cac amin khéac nhau. T lizin tao thanh cardaverin, tur
histidin tao thanh histamin, 1 nhiing chat doc.
c) Phan ung khir amin khtr carboxyl:
R—CH—COOH 4 120, —» R—CH—COOH + NH;

NH,

decarboxylase

R—CH—COOH <+ H,0 — R—CH—COOH 4 NH3

NH, OH
R—CH—COOH —» —CH-
R—CH-OH + co,
OH
d) Phén tng tao thanh mercaptan. Thuong xay ra doi voi cac axit amin

c6 chua luu huynh:

+2H
HS—CHZ—(|3H—COOH —> HS—CH,—CH; 4+ CO, 4 NH;

NH; etylmercaptit

e) Phéan tung tao thanh scatol, crezol, phenol: do cac vi sinh vat gay thdi rua
thudng gip trong duong rudt va trong qua trinh ct giir protein chuyén hoa cac axit
amin vong thanh cac san phém doc c6 mui kho chiu nhu: scatol, indol, crezol,
phenol.



- Phan ung tao scatol, indol:

OH
NH, N
N H

H
tryptophan axit indoloxypsopinic
©j——CH2—C|IH—COOH + 0, —» @U——CHZ—COOH+ H,0 + CO,
N OH N
H H
axit indolaxetic
CH,—COOH _ » CH; 4+ CO,
N N
H H
scatol
CH; + 320, —» | + H,0 + CO,
N N
H H
indol

- Phan tng tao thanh crezol, phenol:

OH OH
HO@CHZ—?H—COOH — —
NH,
CH,
tyrosine crezol phenol

f) Phan ung tao thanh di- trimethylamin tir cac lipoprotein.

Phan lipit sau khi tdc tir lipoprotein s& bi chuyén hoa thanh cac di-
trimethylamin:

Vi du:



H3C CH3 H3C

| 1o |

HsC" OH CHs CH,

colin trimetyl amin oxytrimetylamin (mui tanh)

g) Phan Ung tao thanh phosphin: Xday ra vd&i1 phosphoprotein va
nucleoprotein. Ngudn tao thanh phosphin 1a cac axit phosphoric c¢6 trong protein
duogc giai phong ra khi phan huy. Phosphin 14 khi khong mau, mui théi, rat doc

1.2 KHA NANG CHUYEN HOA CUA CARBOHYDRAT
1.2.1 SU PHAN GIAI CUA DISACARIT VA POLYSACARIT

Sy phan giai cua disacarit va polysacarit thuc hién theo hai kiéu: thuy phan
va phosphoryl phan.

a) Thuy phan: 1a qua trinh phan giai c6 sy tham gia cua nudec.

Dudi tac dung cua nhiéu loai enzym:

Polysaccarit —oligosaccarit—monosaccarit
Vi du: tinh bot, glycogen—dextrin—maltose—glucose; qué trinh phan giai nay
duogc thuc hién nho cac enzym a-amylase, f-amylase va y-amylase (glucoamylase).

b) Phosphoryl phan: qua trinh phan giai, trong dé axit phosphoric dong vai
trO cud nudc trong qua trinh thuy phan, xdy ra dudi tdc dung cud enzym
phosphorylase.

Phosphorylase chi tac dung vao lién két 1,4 cua phan tir tinh bot va sé dimg
lai khi t&i lién két 1,6. Tac dung cua nd chi tiép tuc dwoc sau khi lién két 1,6 duoc
giai phong nhd enzym amylo-1,6-glucosidase. Co thé coi phosphorylase 14 enzym
glucosyl transferase, vi nd xfic tic cho sy chuyén gbc glucose téi gbc axit
phosphoric. Qué trinh phan mg ct tiép dién lan lugt va tao nén hang loai phan tir
glucose-1-phosphat.

Sy phan giai glycogen ciing tién hanh tuong ty va ciing tao nén glucose-1-
phosphat. Cac disacarit cling c6 thé bi tic dung cua enzym phosphorylase twong
mg va tao nén din xuét phosphat cua monosacarit dong thoi giai phong mot
monosacarit thir hai.

Vi du enzym maltosephosphorylase xtc tac cho qua trinh phan gidi maltose
thanh glucose-1-phosphat va glucose nho sy tham gia cud H;POs.

Phéan ting phosphorylase noi trén 1a thuan nghich nén cé thé xtc tac cho su
phan gidi cac polysacarit va oligosacarit ciing nhu su tai to hop ching.



1.2.2 SU CHUYEN HOA CUA CAC MONOSACARIT

V& ban chat qua trinh ndy bao gdm céc phan tng oxy hoa khtr sinh hoc dugc
thuc hién boi mot loat cac enzym c6 trong ti thé. Két qua 13 phan tir hexose (chi
yéu 1a glucose) bi oxy hoa hoan toan tao ra cac san pham v co la khi CO, va nudéc,
con nang lugng ma chét hitu co giai phong ra dugc tich luy trong lién két cao ning
ATP.

Tuy thudc vao diéu kién khong c6 hay c6 oxy ma sy phan giai glucose xay ra
theo hai hudéng chinh:

- Phan giai ky khi: bao gdm giai doan duong phan va sy 1én men ky khi.

- Phéan giai hao khi (con goi 1a quéa trinh ho hép): bao gém ca giai doan
duong phan, su oxy hod axit pyruvic va chu trinh Crep.

Nhu vay hai qua trinh trén déu c6 chung chudi phan ung tir glucose dén axit
pyruvic.
1.2.2.1 Sy duwdng phan

Qua trinh nay dugc phat hién béi Embden, Meyerhof va Parnas. Day la qua
trinh phirc tap, dugc xuc tac boi nhiéu enzym va khong c6 su tham gia cua oxy.
Phan tir duong 1an luot trai qua cac giai doan: hoat hod, cit dbi phan tir hexose (6C)
tao thanh 2 phan t¢ duong triose (3C), loai hydro cua triose-phosphat tao thanh
phospho glycerat, chuyén san pham trén thanh axit pyruvic.

a) Giai doan hoat hod phin tir hexose: gom 3 phdn g

- phan Ung tao thanh glucose-6-phosphat nhd enzym phospho-gluco-kinase

v6i sy tham gia cua Mg*":

H,C——OH
H o
H
OH H
HO
H OH
Glucose Glucose-6-phosphat

- Phan ung dong phéan hoa do enzym isomerase xuc tac:

0 CH,OH
— H HO

H

oH n ©°H

Glucose-6-phosphat Fructose-6-phosphat



Céu tao dang vong furan co lién két kém bén virng hon, do d6 mach cacbon
dé bi cdt hon.

- Fructose-6-phosphat tiép tuc bi phosphoryl hoa lan thir hai nhd enzym
phospho fructose kinase vdi sy tham gia cud phéan tir ATP (adenosin triphosphat)

Pr— P— 0—P)
o e} CH20H ATP ADP O\CH2 HZC/
0]
o N 2% : =05
oH H ©OH v i OH
OH H

Fructose-6-phosphat Fructose-1,6-diphosphat

Do cau tao doi xting, né dé bi cat mach cacbon ¢ diém gitra.

b) Giai doan cit mach cacbon:

Hzcl:—o—®

c=—0
P— O—P)
O\CH2 H2C/ H,C—OH
@)
H HO ”
H
oH H ©Of CH=0
HC—OH

Fructose-1,6-diphosphat
CH,—O—P)

Aldolase 1a enzym xuc tac su phan ly fructose-1,6-diphosphat thanh hai phan
tr triose phosphat (dihydroxy axeton phosphat va glyxeraldehyd-3-phosphat). Hai
triose phosphat ndy co thé chuyén hoa 1an nhau nhd enzym dong phan (triose-
phosphat-isomerase). Cin bang cud phan ung nay léch vé phia tao thanh
glyxeraldehyt-3-phosphat. Béi vay, tor 1 phan tu fructose-1,6-diphosphat s€ tao
thanh 2 phan tr glyxeraldehyd-3-phosphat.

¢) Giai dogn oxy hoa:

Dugc thuc hién nho glyxeraldehyt-3-phosphat dehydrogenase. Enzym nay c6
coenzym la NAD", trong trung tAm hoat dong c6 nhém -SH.

Trong phan mg nay gdc phosphat cao ning cua axit 1,3-diphosphoglyxeric
chuyén cho ADP. D06 ciing 1a kiéu phosphoryl hod ADP thanh ATP. Phan ng nay
rat ¢6 ¥ nghia vi nang lwong giai phong trong qué trinh oxy hod dugc tich lity trong
phan tir ATP, bao dam cung cap ning lugng cho hoat dong té bao trong diéu kién



khong c6 oxy. Phan img do enzym 3-phospho glyxerat kinase xlic tdc va tao thanh
axit 3-phospho glyxeric:

Axit 3-phospho glyxeric bién d6i thanh axit 2-phospho glyxeric nh enzym
phospho glyxerat mutase:

d) Swtao thanh axit pyruvic: bao gom
- quéd trinh loai nudéc nho enolase xuc tic tao thanh axit phospho
enolpyruvic, c¢6 chua lién két cao ning.

- Qua trinh chuyén gbc phosphat cao ning cho ADP d tao thanh axit enol
pyruvic va ATP:

Dang enol cua axit pyruvic khong bén va né s& chuyén thanh dang xeton bén
hon.

e) Sw chuyén hod cdc sin phdam cudi cing cud qud trinh dwong phan.

Nhu vy, sau qué trinh dudng phan, ngodi ATP san pham tao thanh s& la
NADH va pyruvat. Su chuyén hoa tiép theo cua chung phu thudc vao cac con
duong chuyén hoa khac nhau ¢ té bao. NADH phai dugc chuyén hoa trg lai vé dang
NAD", néu khong s& 1am han ché qué trinh duong phan. NADH c6 thé quay lai
dang NAD" trg lai bang con duong hiéu khi va ky khi. Ca hai déu con dudng déu
gan voi su chuyén hoa tiép theo cua pyruvat. S5 phan cua pyruvat trong té bao s&
phu thude vao su c6 mat cua oxy.

Trong diéu kién hiéu khi, pyruvat bi oxy hoé trong chu trinh axit xitric, tao
thanh CO, va dong thoi tao ra thém NADH (va FADH,) va trong diéu kién hiéu khi
cac phan tt NADH dugc tao ra tir qué trinh duong phan va chu trinh axit xitric s€ bi
oxy ho4 tré lai thanh NADH" qua chudi véan chuyén electron & ty thé.

Trong diéu kién ky khi, pyruvat s& dugc chuyén hoa theo cach khac.

- Su tao thanh axit lactic: dudi tac dung cua lactat dehydrogenase, axit
pyruvic bi khir thanh axit lactic:

Phan trng xay ra trong md co dong vat thi tao thanh axit L-lactic, con trong
qua trinh 1én men lactic do céc vi sinh vét gay ra thi tao thanh D-lactic.

- Lén men rugu: mot sb vi sinh vat nhu ndm men c6 kha nang bién d6i axit
pyruvic thanh ruou etylic. Qua trinh xay ra theo hai budc. Budc dau axit



pyruvic bi khtr nhém carboxyl thanh CO, va axetaldehyt nho enzym pyruvat
decarboxylase c6 coenzym la thiamin pyrophosphat (chtra vitamin B;) va
Zn>". Buéc hai, axetaldehyt bi khir thanh etanol. Phan ung dugc xtic tic boi
alcohol dehydrogenase:

- Su tao thanh a-glyxerophosphat va glyxerin

Su 1én men glucose cua ndm men ludén kém theo tao thanh mot lugng nho
glyxerin:

T4t ca cac phan Gng khir axit pyruvic ¢ trén déu giup NADH chuyén hoa trd
lai dang NAD" can thiét cho qua trinh dudng phan.

Qua trinh dudng phan va 1én men dugc tom tit & bang sau:

Qua trinh oxy hoa ky khi 1 phan tir glucose tao thanh 2 phan tir axit pyruvic
da str dung 2 ATP va tao ra dugc 4 ATP, nhu viy tich luy dugc 2 ATP. So v61 ndng
luong du trit cua phan tir glucose, qué trinh nay chi giai phong mot phan nho ning
luong. Phan 16n ning luong van con tang trit trong san pham cudi cing (axit lactic,
etanol v.v.). Nhu vay ddi véi cac vi sinh vat ky khi, dé bao dam du ning luong cho
cac hoat dong séng, ching phai phan giai mot lugng 16n duong, tao thanh mot
luong 16n san pham cudi cung 13 nhitng hop chit hitu co (ruou, axit hitu co v.v.).
Nguoi ta da loi dung didu d6 dé san xuat ruou, bia, cdn, axit hitu co v.v.

f) Su tham gia cua cic co chat khac vao qua trinh dudng phan
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1.2.2.2 Chu trinh Crep
Qua trinh phan giai hao khi glucose xay ra theo 4 giai doan chinh:
- Tir glucose dén axit pyruvic: cic phan tng gidng véi sy duong phan ky
khi
- Tir axit pyruvic dén axetyl-CoA
- Oxy hod axetyl-CoA qua chu trinh Crep
- Oxy hoa cac coenzym khir qua chudi ho hap
Trong diéu kién co oxy, axit pyruvic bi oxy hoa hoan toan dén CO, va
H,0 va giai phong toan bd nang lugng con lai. Cac phan ing cud qué trinh nay xay
ra theo mét chu trinh, mang tén nha bac hoc phat hién ra n6 goi 1a chu trinh Crep
(Krebs).

a) Sw khiur carboxyl oxy hoa axit pyruvic thanh axetyl-CoA:

Trude khi tham gia vao chu trinh, axit pyruvic bi khir nhém carboxyl
dong thoi bi oxy hoa dudi tac dung cua mot phirc hé da enzym c6 tén 1a pyruvat
oxydase hay pyruvat decarboxylase.

Phuong trinh tong quat cua giai doan nay nhu sau:

b) Cac phan vrng trong chu trinh Crep

- Giai dogn 1: nho xUc tac cud enzym citrat syntase, nhém axetyl cua axetyl-
CoA sé duoc chuyén cho axit oxaloaxetic dé tao thanh axit axetic, déng thoi giai
phéng coenzym A.

- Giai dogn 2: axit xitric bi bién d6i thanh dang dong phan cua né 1a axit
izoxitric, qua trinh nay dugc xuc tac bdi enzym aconitase.

- Giai doagn 3: xay ra su oxy hoa axit izoxitric dudi tdc dung cud enzym
izoxitrat dehydrogenase. Axit izoxitric bi khir hydro, 2 nguyén tor hydro cud né
dugc chuyén cho coenzym NADP'. Két qua tao thanh NADPH+H™ va axit
oxaloxucxinic. Ngay sau do, axit oxaloxucxinic lai bi khir carboxyl dé bién thanh
axit a-xetoglutaric. Mot nguyén tir carbon lai duoc tach ra khoi co chat duéi dang
CO,.

- Giai doan 4: axit a-xetoglutaric lai bi khir carboxyl oxy hod do phuc hé
enzym o-xetoglutarat dehydrogenase xtc tac. Phan Gng nay ciing tuong tu nhu sy
oxy ho4 axit pyruvic & giai doan trén va can cac coenzym nhu tiamin pyrophosphat,
axit lipoic, coenzym A va NAD' tham gia. San pham cua phan ung la axit
dicarboxylic dang hoat dong, d6 1a xucxinyl coenzym A (c6 chua lién két tio-este
giau nang luong) va mot nguyén tir cacbon bi tach ra ¢ giai doan nay la phan tu
CO,.



- Giai dogn 5: Nang luong trong lién két cao ning cua xucxinyl-coenzym A
dugc chuyén thanh lién két cao ning cua GTP, nho tac dung cua enzym xucxinat-
tiokinase, cubi cting ning luong dwoc chuyén tir GTP cho ADP d tong hop nén
ATP. Pay la phan tng duy nhét trong chu trinh Crep xay ra su tich luy nang luong
trong ATP.

- Giai dogn 6: axit xucxinic bi oxy hod thanh axit fumaric nho tac dung cua
xucxinat dehydrogenase. Enzym nay c6 coenzym la FAD, khi nhan hydro tir co chat
s& tré thanh FADH,. Hydro cua FADH, dugc tiép tuc chuyén cho hé thong van
chuyén dién tir dé tao thanh nuée va téng hop duoc 2 ATP.

- Giai doan 7: axit fumaric dugc hydrat hod s€ tao thanh axit malic nho
enzym fumarat hydratase.

- Giai dogn §8: axit malic vua dugc tao thanh s€ bi oxy hod thanh axit
oxaloaxetic dudi tac dung cua enzym malat dehydrogenase c6 coenzym la NAD".
Khi phan tir axit oxaloaxetic ban dau tham gia vao chu trinh duoc tai tao thi chu
trinh da khép kin. Pay khong phai hoan toan 1a phan tir axit oxaloaxetic ban dau,
béi vi trong cac phan tng nd di nhudng 2 nguyén tir cacbon ¢ dang CO, va dugc bd
sung bang hai nguyén tir cacbon mai tir axetyl-coenzym A. Phan tir oxaloaxetic mé&i
nay lai tiép tuc ngung tu v6i phén tir axetyl-coenzym A va chu trinh dugc lap lai.

Nhu vay qua mdt vong cua chu trinh Crep, gc axetyl hoat dong da tao ra 2
phan tit CO,. Ttr axit pyruvic thi tao ra dugc 3 phan tir CO,. Cac phan tu CO, duoc
tao thanh tir chu trinh Crep c6 thé dugc sir dung vao cic qua trinh khac nhau trong
co thé (su carboxyl hod, téng hop ure, tong hop nucleotit. (hinh v&)

Qua so dd trén co thé thiy rang, khi oxy hoa hoan toan 1 phan tir axit
pyruvic, ¢6 5 cip nguyén tir hydro duoc tach khoi co chat dé tao thanh cac coenzym
kha: 1 [NADPH+H ], 3INADH+H ] va 1 FADH,. Trong thanh phan, phan tir axit
pyruvic chi chua 4 nguyén tir hydro, nhu vay cac nguyén tor hydro con lai 1a cua
phan tr nude trong moi trudng té bao tham gia vao. Phuong trinh téng quat cua sy
oxy hod axit pyruvic nhu sau:

C;H,05 + 3H,0 — 3CO, + 5H,0

Sy tao thanh 5 phan tir H,O trong phuong trinh trén 13 két qua cua sy oxy
hoa cc coenzym khir nhd hé théng van chuyén dién tir, dong thoi thong qua qua
trinh nay ciing tong hop dugc mot s6 16n lién két cao nang.

¢) Tong két ning luwgng khi oxy hod hoan toan mét phén tir glucose

Ning lugng trong phan tir glucose chii yéu duoc giai phong & giai doan phan
giai hdo khi. Ctr 1 vong cud chu trinh Crep giai phong dugc 12 ATP & céc giai doan
phan ng.



Tuy nhién, trude khi di vao chu trinh Crep, phan tir glucose phai trai qua cac

phéan trng cud giai doan duong phan va phan tmg khir carboxyl oxy hoé axit pyruvic.

Hoa ning cua glucose giai phong & cac giai doan phan tng dugc tong két nhu sau:

2 CO,

Glucose
> _ATP
Glucose-6-phosphat
Frulctose-6-phosphat
v -ATP
Fructose-1,6-diphosphat
|
2 Glyxeraldehyt-3-phosphat x. .
. chudi ho hap
2NADH+H » +6ATP
2 1,3-diphosphoglyxerat + 0O, \ H,O
, 1t2ATP
2 3-phosphoglyxerat
|
2 2-phosphoenol pyruvat
lC » 2 ATP
2 pyruvat chudi ho hp
87 > 2 NADH+H" ~ > +6 ATP
2 axetyl-CoA + 0, H,O
+0, l Chu trinh Crep va > +24 ATP
chudi ho hap
4 CO,+ 4H,0 Téng cong: 38 ATP

Khi oxy hoé hoan toan 1 phan tir gam glucose s€ thu dugc 686 kcal. Nhung

dé téng hop ATP tir ADP va P; can cung cp 8-10 kcal/mol. B&i vay néu toan bo

ning luong duoc phan giai mot mol glucose déu duoc ding dé tong hop ATP thi s&
thu duoc 686/9~76 mol ATP.
Thuec té chi tao dugc 38 mol ATP, chién 50% téng s6 ning luong. Nhu vay

con 50% dugc giai phong ¢ dang nhiét nang



d) Y nghid cud chu trinh Crep

Thong qua chu trinh nay, phan tir glucose bi oxy hoa hoan toan dén CO,,
H,O va gidi phong toan bo ning lugng mot phan dudi dang hoa ning trong ATP va
mot phan & dang nhiét nang c6 tac dung giir 4m té bao. Tir ATP c6 thé tong hop nén
GTP, XTP, UTP 1a ngudn nign lugng can thiét cho cac qua trinh sinh tong hop céc
chat khac nahu tong co thé.

Chu trinh Crep tao ra nhiéu coenzym khir. Cac coenzym khir ngoai vai tro
tao thanh ATP con dung dé khur cac lién két kép, cac nhém carbonyl, nhom imin
trong cic phan tng can thiét cho té bao.

Chu trinh Crep con 14 ngudn cacbon cho cac qua trinh tong hop khac nhau.
Vi du axetyl-CoA c6 thé dung dé téng hop cac axit béo, steroit, axetoaxetat hoac
axetyl colin. CO, dung dé tong hop e, tong hop méi AMP va trong cac phan tng
carboxyl hoa khic. Mot s6 xetoaxit trong chu trinh nhu o-xetoglutaric va
oxaloaxetic thuong 13 nguyén liéu dé tong hop cac axit amin glutamic va aspartic.

Ciing vi vy chu trinh Crep 14 mat xich lién hop, 1 diém giao luu cua nhiéu
duong hudng phan giai va tong hop cac chit khac nhau trong té bao, dong thoi ciing
1a duong hudng chinh dé phan giai cac hop chét hiru co.
1.2.2.3 Sw oxy hoa truc tiép glucose. Chu trinh pentose phosphat

O co thé sinh vat con c¢6 mot kiém phan giai glucose thanh CO, va H,0O
nhung khong trai qua qua trinh duong phan va chu trinh Crep. Trong qua trinh nay,
céc phan mg ciing tao thanh mot chu trinh ma céc san pham trung gian cha yéu la
cac pentose phosphat. Vi vay nguoi ta goi do la chu trinh pentose phosphat. Ngoai
ra, ¢an clr vao chat “cira ngd” cud chu trinh 14 glucose-6-phosphat, nguoi ta con goi
1a chu trinh hexose monophosphat. Pay 1 qua trinh oxy hoa truc tiép glucose vi su
oxy hoa xdy ra ¢ ngay giai doan hexose chir khong phdi qua triose nhu ¢ qua trinh
duong phan. Chu trinh nay do Dickens-Horecker nghién ctru va phat hién.

a) Cic phén teng: gom 2 giai doan phén trng

- Giai dogn oxy hoad glucose glucose-6-P

Glucose-6-P 1a chat dau tién gia nhdp vao chu trinh. N6 bi oxy hoa dudi tac
dung cua enzym glucose-6-P dehydrogenase (c6 coenzym 1a NADP"), bién thanh
axit 6-P-gluconic. Tuy nhién, giai doan nay cé tao thanh mot san pham trung gian 1a
6-P-glucono-8-lacton, chat nay sau do6 bi thuy phan thanh axit 6-P-gluconic.

Qua trinh oxy hoa lan thtr 2 dudi tic dung cua enzym 6-P-gluconat
dehydrogenase (c6 coenzym NADP") tao thanh axit 3-xeto-6-P-gluconic, roi sau d6
chat nay bi khir carboxyl tao thanh D-ribulose-5-P.



Trong toan bo chu trinh chi x4y ra 2 lugt oxy hoa (phan tmg 1 va 3) nhu da
néu & trén. Két qua 1a tir 1 hexose phosphat qua 1 vong cua chu trinh tao ra 1
pentose phosphat, 1 phan tir CO, va 2 (NADP+H")

- Giai dogn tdi tao hexose phosphat

Dé su oxy hoa dugc tiép tuc, pentose phosphat vira tao thanh can trai qua
nhitng bién ddi dé tai tao lai hexose phosphat, khép kin chu trinh. Nhiing bién doi
nay c6 thé chia thanh 2 budc sau:

Buére 1: Sy dong phéan hoa cua ribulose-5-P

Ribulose-5-P 1a mot xetopentose, né cé thé chuyén thanh dang aldose la
ribose-5-P nho tac dung cua phosphoribo isomerase. Mt khac, ribulose-5-P ¢6 thé
bién d6i thanh dang ddng phan epime (6 vi tri cacbon thtr 3) 1a xilulose-5-P nho tac
dung cua enzym phospho-xetopento-epimerase. Hai phan rng nay co6 vi tri quan
trong, n6 dugce coi la diém ndi gifra giai doan dau va giai doan tiép theo cua chu
trinh.

Buére 2: Sy bién d6i twong hd giita cac pentose-P va cic hexose-P

C6 hai kiéu phan ung quan trong tong giai doan nay. D6 1a sy chuyén aldol
hoa va su chuyén xetol hod.

Su chuyén aldol hoa 14 sy chuyén mot nhém 3 nguyén tir cacbon (dihydroxy
axeton) cua mot ketose phosphat (vi d: fructose-6-P hoac xetoheptulose-7-P) cho
chat nhan 14 mot aldose phosphat (vi du, glyxeraldehyt-3-P hodc erytrose-4-P).

Su chuyén hoa xetol hod 1a sy chuyén mot nhoém 2 nguyén tir cacbon (xetol
hoic glycolaldehyt) cua chat cho 1a xetose phosphat cho chat nhan 1a mot aldose
phosphat.

Cu 6 phan tir glucose-6-P tham gia vao chu trinh thi 5 phan tir dugc tai tao, 1
phan tir bi oxy hoa hoan toan dén CO, va tao thanh 12 coenzym khir NADPH+H").
Qua trinh oxy hod glucose-6-P qua chu trinh pentose phosphat dugc trinh bay &
hinh vé.

b) Tong két ning lwong: phwong trinh tong qudt mét vong chu trinh nhw
sau:

6 glucose-P + 12 NADP" — 5 glucose-6-P + 6 CO, + P, + 12 NADPH + 12 H"

Hoic viét & dang don gian:

l1-glucose-6-P + 12NADP" — 6CO, + P, + 12(NADPH + H")

Cir mdi phan tir glucose-6-P bi oxy hod hoan toan trong chu trinh tao ra dugc
12 phan tor NADPH + H'. Néu hydro dugc chuyén qua hé thong van chuyén dién
ttr, cho phép tao thanh 36 ATP. Do cdn 1 ATP dé phosphoryl hod glucose ban dau
thanh glucose-6-P, nén con thu duoc 35 ATP. D6 1a s6 ning luong twong dwong voi



su oxy hod hoan toan 1 phan tir glucose qua sy duong phan va chu trinh Crep (38
ATP). Pong thoi, ciing hon han mirc ning luong do su phan giai glucose trong diéu
kién ky khi (qué trinh duong phan chi tao ra 2 ATP).

¢) Y nghid cud chu trinh pentose phosphat:

- Chu trinh cung cdp cac pentose phosphat 13 nguyén liéu can thiét cho sy
sinh tong hop nucleotit, co trong thanh phin cdu tao cua cic coenzym va axit
nucleic.

- Cung cip NADPH can thiét cho cac phan tmg khac nhau, nhit 13 trong su
tong hop axit béo va steroit.

Trong diéu kién cic NADPH bi oxy hoa qua chudi ho hap s& tao thanh mot
luong dang ké ATP.

- Chu trinh cho phép cic co thé quang hop tdng hop dugc xacarit va cac chat
hitu co khac tir CO,.

Toém lai, trong co thé sinh vat, su phan gidi duong cé thé tién hanh theo
nhiéu kiéu khac nhau. Céc kiéu nay bd sung cho nhau cé thé xdy ra song song cung
nhau hoic mét vai kiéu chiém wu thé ¢ nhitng diéu kién nhat dinh. Piéu dé ciing ndi
1én su phong phu cua cic qua trinh thich nghi cua vi sinh vat ddi v&i méi truong
song, vi qua trinh phén giai duong cung cap ning luong chil yéu cho moi hoat dong
sinh séng cua co thé.

1.3 CHUYEN HOA CUA LIPIT
1.3.1 Kha ning chuyén ho4 cua lipit

Trong diéu kién bao quan ciing nhu trong co thé, lipit cé thé bi chuyén hoa
dé tao thanh nhitng pham vat khac nhau. Cac qua trinh chuyén hoa nay rit phtc tap,
dudi tac dung cuad mot loat cac nhan td va co enzym hodc khong cé enzym xtc tac.
1.3.1.1 Sw 6i hoa

Khi bado quan lau, dudi tdc dung cua nhiéu nhan t6 nhu 4nh sang, khong khi,
nhiét d, nudc va vi sinh vat..., lipit bi thay doi trang thai, mau sic va c6 mui vi kho
chiu. Thuong nguoi ta goi qué trinh tong hop nay 1a sy 6i hoa. Thuc chat cua su 6i
hoa 1 qua trinh oxy hod. Tuy vy, néu dua vao co ché phan tng thi c6 thé phan ra
01 hod do thuy phan va 61 hod do oxy hoa.

a) Oi hoa do phan tng thuy phan

Phéan tng thuy phan lipit ciing c6 thé xay ra, khi ¢6 enzym ciing nhu khong
c6 enzym xuc tac.

Truong hop thi nhat xay ra trong pha “béo” va chi c6 nuéc hoa tan trong
lipit (dau, m&) méi tham gia phan mg, nghia 1a phan tng tién hanh trong moi



truong dong thé. Khi trong lipit c6 mit nudc véi mot lugng dang ké, nhung & nhiét
d6 thuong, thi van téc phan tng ciling rat bé. Vi 1& ¢ nhiét d6 thuong van tdc phan
mg thuy phan rit cham. Hon nira kha ning khong hoa tan cua pha nudc trong pha
“béo” ciing ngdn can su tiép xtc can thiét giita chung.

Truong hop thuy phan do enzym xuc tac thuong xay ra ¢ trén bé mat tiép
xuc giita lipit va nuéc. Enzym lipase xuc tic phan ung thuy phan c6 thé c6 trong
nguyén li¢u cling nhu do vi sinh vat mang vao.

Chung ta déu biét lipase 1a mot globulin. N6 xuc tac khong nhirng phan tng
thuy phan ma ca phan ung tong hop nita. Do d6 can bang phan tng phu thudc vao
ting diéu kién cu thé ma co6 thé chuyén dich vé phai ciing nhu vé trai. Khi ham 4m
cao thi sy thuy phan uu thé hon sy tong hop. Nguoc lai, trong hat kho thi sy tong
hop lai wu thé hon. Lipase co trong hat va trong cic co quan dinh dudng cua cay.
Lipase co nhiéu trong hat thau dau. Tac dung tdi wu cua lipase cua hat 1a & 35-38°C.
Hoat d0 cua n6 giam xuéng mot cach dang ké khi ché bién thuy nhi¢t cac hat cling
nhu khi ép ndng cac hat c6 dau. Phan ung thuy phan lipit s& ting manh khi hat bi
nghién co hoc hodc bi ton thuong do con tring. Lipase c6 dic hiéu thip so véi cau
triic cud lipit nhung lai c6 dac hi€éu quang hoc cao ddi véi nhiing co chét c6 hoat
quang. No6i chung ddi v6i nhitng co chit khong mang dién tich thi d6 dai cua mach
cacbon cua axit béo tham gia trong lipit c6 ¥ nghid 16n d6i véi hoat d6 cua lipase.

Truong hop don gian nhét cua sy 6i hoa do phan ung thily phan thudng thay
khi bao quan bo va margarin. Khi d6 s& giai phong ra axit butyric 1 axit ¢6 mui rat
kho chiu.

Trong ché bién luong thuyc, dé bao quan duogc hat, bot va tam, vai tro quyét
dinh 1a nhiét ¢ va thuy phan. Chéng han bot khi ¢ nhiét 6 dudi 5 °C van bao quan
dugc tot ngay ca khi c6 ham am cao. Nguoi ta nhan thdy rang khi bao quan bot c6
ham 4m cao hon 15% thi phan ung thuy phan cha yéu 1a do emzym ciia nAm mée.
Khi d6 d6 axit cting tang lién do tich tu cac axit hitu co hoa tan va bdt s€ c6 mui vi
khoé chiu. Nguoi ta con nhan théy ddi vé6i bot kho, ndm moe khong phat trién duoc,
d6 axit ciing ting nhung khong c6 mui vi axit, vi chi yéu 1a tao ra nhirng axit béo
khong hoa tan trong nudc.

b) Oi ho4 do phén ung oxy hoa khir

Oi ho4 theo kiéu nay 1a phd bién nhit trong bao quéan cac lipit. Thuong nguoi
ta phan biét hai loai: 61 hoa hoa hoc va 61 hoa sinh hoc.

Oi hoa hoa hoc 14 qua trinh ti oxy hoa. Khi dé xay ra sy tan cong cac goc
axit béo tu do ciing nhu két hop boi oxy phan tir. Ap suit cia oxy va luong ndi doi
trong phéan tir axit béo c¢6 anh huong dén tién trinh phan ung. San pham dau tién 1a
hydro peroxit. Tir do tao nén aldehyt no va khong no, xeton, axit mono- va



dicarboxylic, aldoaxit, xetoaxit, epoxyt v.v. Ngoai ra con c6 thé tring hop hoa céc
san pham oxy hoa nira.

Da s6 nhiing chit ndy c6 vai tro quyét dinh trong viéc phét trién mui vi.

Oi hoa sinh hoa hoc lai bao gom sy 6i hoa do enzym lipoxygenase va sy 0i
hoa xeton. Kiéu 6i hod thr hai ndy thudng dic trung ddi véi lipit co chira axit béo
no v6i phan tir luong trung binh va thap, khi c6 ham 4m dang ké. Khi d6 axit béo bi
B-oxy hoa va decarboxyl hod, két qua sé& 1a tich tu cac alkylmetylxeton c6 mui kho
chiu.

Khi lipit bi 6i hoa, thuong bi mat hoat tinh vitamin. Vi 1& khi dé cac axit béo
khong no cao phan tir ciing nhu cic vitamin déu bi phd huy béi cac pham vat oxy
tich tu trong lipit.

Céc san pham oxy hoa cuia lipit thuong 1am v6 hoat enzym va dac biét lam
giam hoat d§ cta suxinoxydase, xitocromoxydase va colinoxydase.

San phiam oxy hod con c6 kha ning phan tng cao véi protein. Hop chat tao
thanh nay bén vimng, khong hoa tan trong nudc ciing nhu trong dung méi hiru co va
cling khong bi phéan ly béi enzym.

Nguoi ta con cho rang sy phat trién ctia bénh vita xo dong mach 1a do sy tao
thanh phuc gitta san phdm oxy hod cua lipit v6i protein c6 trong thanh phan cua
thanh huyét quan.

Lipit bj oxy hoa con kim ham su phat trién ctia dong vat.

Co ché ciia qud trinh 6i hod hod hoc

Qua trinh 6i hod hoa hoc 14 phan tmg chudi nén thudng co6 3 thoi ky sau:

- Phat sinh:

Pau tién, phan tng duoc khoi mao bang viéc mot vai phan tir lipit (RH) bi
oxy hoa dé tao thanh géc tu do:

R*: géc cua axit béo no hoac khong no ty do hoac géc cua axit béo trong
phan tir glyxerit;

H* : nguyén tir H & C, so véi ndi d6i, hodc nguyén tir H cia nhom metylen
bat ky trong axit béo no.

Pé tao thanh gdc, nghia 1a dé dut lién két C-H trong phan ng trén doi hoi
nang lugng l1a 70-100 kcal/mol.

Tuy nhién khi c6 oxy hoa tan thi twong tac giita RH ban dau vdi oxy sé xay
ra mot cach manh mé hon. Vi 18 sy tao thanh gbc theo phan ng ludng phan duéi
day doi héi nang lugng chi 1a 47 kcal/mol.

RH + O, —» R+ HO;,"



Truong hop khi ndng d6 RH cao thi c6 thé xay ra phan tng tam phan:
RH + O, + HR, — R* + H,0, + R}’

Phan ing nay doi hdi nang lugng con bé hon phan ung ludng phan.

Gbc tu do ciing co6 thé phat sinh khi c6 ion kim loai giao chuyén:
M* + RH — M* + R* + H’
M** + ROOH — M + RO® + OH'

Phiit trién

Gbc ty do R® hodc RO® duoc tao thanh do qua trinh khoi mao s& bat dau
chuoi chuyén oxy hoa:

R* + O, —» RO, (1)
RO," + RH — ROOH + R’ (2)

Phan ung (1) dic biét nhanh, thuc té khéng can ning luong hoat hoa. Con
ning luong hoat hoa ctia phan tmg (2) 1a 4-12 kcal/mol. Tir day ta thiy gbc RO," 1a
goc chu dao trong mach oxy hoa va phan ing c6 y nghia quyét dinh van toc phat
trién ctia qua trinh tur oxy hoa la phan ing twong tic gitta goc RO, vGi phan tir lipit
(phan tng (2)).

Tt hydroperoxit s& phdn mach dé cho nhitng gbc tu do theo dudng hudng

sau.
ROOH — RO, + °OH 3)
Hoic 2ROOH — RO, + H,0 + RO" (4)
Hoic ROOH + RH — RO" + H,0 + R° (5

Viéc dut lién két O-O dé tao thanh hai gdc tu do theo phan tng (3) doi hoi
nang luong hoat hoéd 30-35 kcal/mol.

Su lién hop cac hydroperoxit thanh dime theo phan ing (4) s& thuan lgi khi
ndng d6 hydroperoxit 16n. Viéc tao nén dime (do lién két hydro) s& 1am yéu lién két
O-H va 0-0, do d6 1am giam boi ning lugng phan giai dime thanh céc gbc.

Hydroperoxit c6 thé phan giai theo phan tng (5) doi hoi nang luong hoat hoa
bé hon phan ting don phan (3).

Can chu y rang gdc peroxit c6 xu hudng phan (mg véi san pham da bi oxy
hoa hon 13 véi phan tir chua bi oxy hoa do chd trong san pham di bi oxy hoa thuong
chira cac lién két C-H ¢6 kha nang phan tmg hon.

Gbc peroxit cling ¢ thé dut nguyén tir H - ddc biét & vi tri p do qua trinh noi
phan va ciing c6 thé kép hop voi ndi doi olefin. Vi vy viée chuyén hod cac gbc
peroxit s€ dua tdi tao nén khong nhiing hydroperoxit ma ca peroxit polyme, peroxit
vong, oxit, aldehyt va cac san pham khac.



Do qué trinh phat trién cta chudi phan Uing oxy hoa véi cic phan tng phan
mach (3), (4), (5) nén tich tu gbc alcoxyl RO", peroxit ROO® va hydroxyl *OH.
Tir gdc alcoxy co6 thé tao nén nhiing san pham thir cp nhu ruou, xeton,
aldehyt v.v.: RO* + R'H — ROH + RO’
ruou géc tu do

Tuong tac cua hai gbc alcoxyl:
Tuong tac cua gbe alcoxyl véi gde alkyl:
Hoac

Hoic tir hydroperoxit va gbc alkyl ciing tao ra xeton:

Aldehyt ciing ¢6 thé duoc tao thanh tir xeton bang cach oxy hoa chung dén
a-xetohydroperoxit roi dén aldehyt va axit:

Ngoai ra, trong lipit bi oxy hoa con c6 thé tao thanh cic san pham tring hop
cao phan tu:

Hoac
Két thiic:
Viéc dut mach, nghia 1a mét cac gdc tu do xay ra chu yéu do két qua twong
tac cia cac goc theo co ché ludng phan:
R* + R® —
R* + RO,” — san pham phan tir
RO, + RO, —
Ning lugng hoat hoa cia cac phan tng nay rat khong déang ké (1-2 kcal/mol)
do d6 van tdc phan tng rat 1on.
Cac yéu t6 anh hwéng dén vén toc oxy hoa
Cdc yéu t6 kich thich
Anh hudng cua axit béo ty do: axit béo tu do c6 tdc dung xtic tdc qua trinh
oxy hoa, lam ting nhanh su phan giai hydroperoxit thanh cac gc.



Anh hieong ciia oxy: van toe tu oxy hoa phu thudc vao luong oxy trong moi
truong. Vi su phat sinh chudi phan tmg chii yéu phu thudc vao RH + O,.

Anh hwéng ciia nhiét dg: nhiét d6 c6 anh huong 16n dén véan tdc phan Gmg
hoa hoc. Tang nhiét do, lugng peroxit tao thanh ting. O nhiét do 40-45 °C va cao
hon, sy phan gidi hydroperoxit sé tang.

Anh hwong cia trang théi lipit: bé mit tiép xuc cua chat béo voi khong khi
cang 16n thi van tbe oxy hoa cang cao. Van tde tu oxy hoé con phu thudc vao chiéu
day cta 16p. Khi 16p day thi oxy xam nhap khé. Giam nhiét d6 dén lac chat béo
chuyén sang trang théi rin thi van tdc oxy hoa ciing giam.

Anh hieong ciia ion kim loai chuyén tiép: cac ion cling nhu cac hop chat cua
kim loai chuyén tiép co tac dung xtc tic su oxy hoa lipit. Thuc nghiém cho thay
rang khi c6 mit sat & trong dau véi luong 0,2-10 mg/kg sit s& lam giam do bén cua
dau dbi v6i oxy hoa 20-50%. V&i Cu chi can 0,05-0,2 mg/kg s& 1am giam d6 bén
ctia ddu ddi voi oxy hod 20-50%.

Ion kim loai chuyén tiép c6 cac electron ddc than va thuc chét 1a géc. Nhung
tinh chét “gdc” & chiing thé hién yéu do dé chiing c6 thé ton tai trong dung dich véi
ndéng d6 16n. Tuy nhién ching c6 thé chuyén hoic 13y electron tir mot hat bao hoa
ho trj nao d6 dé tao thanh géc tu do hoat dong hoac géc ion.

M™ + RO — M™D* + RO
M™ + ROZ. N M(n+1)+ + RO,
M® + RO," - M + R* + O,

Anh hwong cia nang lwong mdt troi va tia ion: nang luong anh sang dic biét
1a tia cyc tim va tia ngan ciia quang phd nhin thiy c6 tic dung xtic tic qua trinh oxy
hoa lipit. Co 1& ning lugng anh sang sé& quang phan hydroperoxit thanh cac gbc tu
do.

Anh huéng ciia mede: nguoi ta nhan thdy rang nude co tic dung lam ting
tinh 6n dinh cta chat béo sita di v6i sy oxy hoa & nhiét d6 95 °C va khong co anh
huong gi dén m& lon & 50 °C.

Anh hwéng ciia yéu t6 kim ham

Vian téc phan tmg RO," + RH c¢6 thé dugc lam giam bang cach hudng cac
phan tng cta gdc peroxit theo chiéu khac.

Piéu d6 dat dugc bang cach dwa vao trong lipit chat chdng oxy héa InH,,
nghia 14 chit c6 kha nang phan tng d& dang véi gbc RO, hon:

InH, — ROOH + °‘InH
RO, <

RH



Két qua 1a thay gdc peroxit RO,* bang gdc cua chat chong oxy hoa In® 1a gbc
yéu khong thé twong tac voi phan tir lipit. Cac gde In” s& bi vo hoat do sy t& hop:
RO,” + InH, — In’
In® + In® — In-In
RO, + In* — ROOIn
Piéu kién d6 thoa méin duoc bang cach dua vao nhitng chat chéng oxy hoa
c6 ban chat phenol hodc amin v.v. Phenol c6 ning lugng lién két cia nguyén tur
hydro trong nhom hydroxyl rat bé (60-70 kcal). Mot cach khac dé giam nong do
RO," 14 1am giam van tc phan ing phat sinh ra ching.
Kim ham sy oxy hoa bcfng cach lam drt mach
Co ché tac dung ctia nhitng chit chdng oxy hoa loai nay (nhu phenol, amin)
c6 thé nhu sau:
RO," + InH, — ROOH + °‘InH
‘mH + ‘InH — °‘In + InH,

gbc khong hoat dong
hodc RO," + InH, — °[RO,InH,]
‘[RO,InH,] + RO," — san phidm bén
hodc RO, + InH, — ROOH + °‘InH

‘mH + RO,” — san pham bén
Kim ham sy oxy hoa bang cach lam giam van toc phét sinh mach
Vi dy, cac sulfua c6 kha nang pha huy hydroperoxit:

ROOH + R;SR, — ROH + R;SOR,

ROOH + R;SOR, — ROH + RSO;R,

Céc sulfua kiéu nay nhu tiuam (tetration, tetrametyltiuramdisulfua)

V6 hoat cac hop chét chu kim loai c6 hoat dong xuc tc
Céc kim loai chuyén tiép c6 thé twong tac v6i hydroperoxit dé tao thanh gbc
tu do, déng thoi kim loai chuyén sang hoa tri khéc:
Fe® + ROOH — Fe¢’* + RO° + ‘OH
Fe’ + ROOH — Fe¢’* + RO, + H'
Vi vay phai chon nhitng chat chéng oxy hoa co kha ning tao phtrc vdi ion
kim loai qua d6 ma “phong toa” dugc su chuyén electron tir mic N t§i mirc M,
nghia 1a loai trir duge kha ndng chuyén hoa tri. Nhitng chat chong oxy hoé loai nay
nhu axit xitric, axit malic, axit fitinic...



Axit carboxymetylmercaptosucxinic c¢6 “tinh ndng” khd manh thuong duoc
dung dé bao quan dau dau, dau bong.

Trong bao quan lipit, nguoi ta c6 thé dung cong tinh cua hai chat dé 1am ting
hiéu qua cua chat chong oxy hod. Chat lam ting tinh chit chong oxy hoa cua chat
kia goi 1a chét hiép tro. Chit hiép tro nay co hodc khong co tinh chat chéng oxy
hoa. Ban chat cua chiing co thé 13 vo co hay hitu co. Axit phosphoric, axit ascorbic,
axit xitric va mudi cua chung, polyphosphat, axit amin, xephalin 1a nhiing chat
thudc loai d6. Co ché hié€p tro cud ching la ¢ chd chung la nhiing chét cho hydro dé
khir cac dang chat kim ham d3 bj oxy ho4. Chang han kim him sy oxy hoa chit béo
bang hdn hop axit ascorbic va quinon. Axit ascorbic chuyén hydro dén quinon dé
cho chit nay cé tac dung dugc véi gde peroxit. Qua trinh chuyén hydro ciing duoc
coi la sy hié€p trg cud axit ascorbic v6i tocoferol. Tac dung hiép tr¢g cua a-alanin dén
hydroquinon trong chéng oxy hoa cho dau huéng duong 14 & chd khi bi deamin hoa
dén axit pyruvic thi dong thoi ciing khir dwoc hydroquinon da bi oxy hoa.

Céc chat nhu tocoferol, xemazol, phosphatit, gossipol, quercetin...la nhiing
chat chdng oxy hod ty nhién, vi thudng chué trong trong cac ngudn lipit ty nhién.
Trong qué trinh khai thac va tinh luyén, nhitng chat nay c6 thé bi mat di, do d6
nhing ngudn lipit nay dé bi 6i hod. Mot sé chat chong oxy hoé ciing dugc tan tao
khi gia cong cic hat c6 dau nhu melanoidin, gossiphosphatit,
melanophosphatit...Hién nay ngudi ta con st dung nhiéu chat chéng oxy hoa tong
hop nhu butyloxyanizol, butyloxytoluen, dodexigalat v.v. trong bao quan dau mé.

¢) Co ché cua qua trinh i hoa sinh hoc

Oi hod do enzym lipoxydase

Trong qué trinh khai thac ciing nhu bao quan, lipit va dic biét 1a ddu md, co
thé bi oxy hoa dudi tac dung xtc tic cud enzym lipoxydase dé tao thanh nhirng san
pham khac nhau.

Lipoxydase hay lipoxygenase 14 enzym oxyhoas khir, thuong c6 tén hé thong
1a linoleat:O, oxydoreductase (1.13.1.13). Enzym lipoxygenase xuc tac su oxy hoa
cac axit béo khong no chua 2-3 ndi kép (hodc nhidu hon) nhu axit linoleic,
linolenic, axit arachidic. Diém dic biét 1a lipoxygenase chi oxy hoa dang cis-cis con
dang cis-trans hodc trans-trans thi hoan toan khong c6 tac dung. Ca 3 axit nay déu
bi oxy hoa véi van téc nhu nhau. Diém khéac 1a cac hydro peroxit duoc tao thanh ¢
day c6 hinh thé cis-trans va c6 hoat dong quang hoc. Co ché tac dung cua
lipoxygenase nhu sau:



T hydroperoxit s& chuyén hoa mot cach binh thudng dé tao ra epoxit,
aldehyt, xeton va nhitng pham vt oxy hoa khac.

Nhiéu hop chat hiru co 1 nhimng chat kim him cua lipoxygenase.
Propylgalat, dephenylamin va oxyquinolin 13 nhitng chat kim hdm lipoxygenase.
Tac dung kim him cua nhitng chat nay 1a ¢ chd lam giam van tdc oxy hod linoleat
va hip thy oxy.

Lipoxygenase c6 nhiéu trong hat dau twong va trong hat hoa thao. pH tbi uu
cud lipoxygenase cud dau tuong 1a 9,0 va cud cac cay khéc 1a 7,0. Lipoxygenase cua
dong vat c¢6 pH tbi wu tir 4-7.

O1 hoa xeton

Oi hoa xeton thudng dic trung dbi véi lipit chua axit béo no, phan tir lwong
trung binh, thap. Chang han, trong bao quan bo va margarin khi bi nhiém nim méc
(Aspergillus, Penicillium) thudng xay ra kiéu 6i hoa nay. Duéi tac dung cua céc
enzym cud vi sinh vat, axit béo bi B-oxy hod va decarboxyl hoa ma két qua 1a tao ra
cac alkylmetylxeton c6 mui kho chiu.

So db phan tng nhu sau:

d) Su oxy hoa cac axit béo trong co thé sinh vat

Trong md dong vat ciing nhu thyc vat, cac axit béo con bi chuyén hod oxy
hoé theo mot duong hudng riéng, thuc hién theo tirng nic, mdi nic axit béo lai bi
cit ngan di mot manh hai cacbon ra khoi phan tir. Cac axit béo chua no, trude tién
phai dugc khtr thanh axit béo no, sau d6 mdi bi oxy hod theo con duong dé. Qua
trinh oxy ho4 axit béo theo dudng hudng nay ciing c6 tén 1a B-oxy hoa. Lugc dd cac

phan tng cua qua trinh B-oxy hod axit béo bao gém 5 phan tng:

- Phan tng 1: 1a phan ung hoat ho4 axit béo nho axyl coenzym A CoA-SH,
ATP va su xuc tac cua enzym axyl-CoA-syntetase:

Pyrophosphat vua tao thanh s€ bi phan giai thanh axit phosphoric (khi co6
enzym pyrophosphatase xuc tac) do d6 cin ban g pah tm gsé chuyén dich vé phia
phai.

- Phan Ung 2: 1a phan ung oxy hoa axyl CoA nh¢ enzym axyl CoA
dehydrogenase. Enzym nay la mot flavoprotein c6 nhoém ngoai la FAD:



Céc enzym nay khac nhau vé tinh chat 1y hoc va vé tinh chat dac hi¢u theo
do dai cua mach carbon cua co chat.

- Phan tng 3 do enzym enoyl-CoA-hydratase xtic tac:

- Phan tmg 4 do enzym p-oxyaxylCoA dehydrogenase chua nhom ngoai 1a
NAD xuc tac:

- Phan tng 5 bao gém viéc chuyén nhom axyl cua phéan tr B-xetoaxylCoA
1én mot phan tir coenzym A mdi. Enzym xuc tac phan tmg nay 1a B-xetoaxylCoA
thiolase

Nhu vdy cir qua 5 phan Gng thi phan tir axit béo lai ngin di hai nguyén tir
cacbon dé tao thanh axetyl CoA. Qua trinh ctr thé duogc lap di lap lai nhiéu 14n cho
dén khi toan bo san pham cudi cung 14 axetyl CoA. Tir Axetyl CoA sé& di vao chu
trinh Krebs (hodc chu trinh glyoxylic) dé cung cap niang lugng cho co thé sinh vat.

Khi oxy hod mét phan tir lipit don gian (vi du tristearin) thi s& cung cap cho
co thé 458 mol ATP.

Nhu véy cliing voi carbohydrat, lipit 1a nguon niang lugng du trit to 16n cua co
the.



CHUONG 2: CAC CHAT MAU
2.1 Y NGHIA CUA CAC CHAT MAU TRONG SAN XUAT THUC PHAM

Chat luong cua cac san pham thyc pham khong nhirng bao ham gia tri dinh
dudng ma con bao ham ca gia tri cam quan cua chung nui. Mau sic 1a mot chi sb
quan trong cua gia tri cam quan. Mau sic cua cac san pham thuc pham khong chi c6
gi4 tri vé mat hinh thirc ma con cé tac dung sinh 1y rat 16 rét. Mau sic thich hop s&
gitip cho co thé dong ho thuc pham dé dang. Vi vay trong k¥ thuat san xuat thuc
phém nguoi ta khong chi bao vé mau sdc ty nhién ma con cho thém chit mau méi,
tao ra nhitng mau sic thich hop vdi tinh chét va trang thai cua san pham.

C6 thé thyuc hién duoc diéu do béng nhiing cach sau:

- Xay dyng mot quy trinh gia cong nguyén liéu, ban thanh phan dé bao toan
duoc toi da cac chat mau c6 sin trong nguyén liéu;

- Tach ra, c6 dédc va bdo quan cac chat mau tir chinh nguyén li€u thyc vat dé
hodc tir cic nguyén liéu khac giau mau sic dy. Sau do tir cac chat mau ty nhién da
c6 dic nay c6 thé dung dé nhuém mau cho chinh nguyén liéu ma tir d6 ta da thu
dugc chit mau hoic cho nhiing dang nguyén liéu hoan toan khac.

- Tong hop nhan tao cac chit mau giébng nhu cac mau tu nhién cud san pham
thuc pham rdi ding ching dé nhuém mau cho cac san pham khac ma ¢ dung tu
nhién khong da manh hodc bi mat mau ban dau do qua trinh ché bién.

- Dung céc bién phap ky thuét thich hop dé diéu chinh cac phan tng theo
chiéu tao ra nhitng chit mau méi tir nhitng hop phan cé trong nguyén liéu.

Dua vao qua trinh hinh thanh c6 thé chia chit mau thanh hai loai:

- cac chéit mau tu nhién

- cac chat mau hinh thanh trong qua trinh gia cong k¥ thut.

2.2 Cac chiat mau ty nhién

Cac chit mau tu nhién thuong gap chu yéu O trong cac nguyén li¢u thuc vat,
c6 thé chia 1am ba nhém chinh:

- Clorofil, diép luc hay chit mau xanh 14 cay;

- Cac carotenoit c6 trong luc lap, trong quéa va rau mau da cam, mau vang

va doi khi mau do

- Céc chat mau flavonoit ¢ trong cac khong bao, c6 mau dd, xanh va vang,
2.2.1 Clorofil

Mau xanh 14 cdy cua thuc vat 1a do c6 mit clorofil. Chat mau nay dong rat
quan trong trong qua trinh quang hop. N6 khong nhitng cho mau xanh ma con che
mé& cac chit mau khac. Clorofil ¢6 trong luc lap hodc hat di¢p luc, phan tin &
nguyén sinh chat. N6 chiém khoang 1% chat kho.



Clorofil co6 hai dang: clorofil a va clorofil b. Clorofil b c6 mau nhat hon. Ty
1én gifra clorofil a va clorofil b trong thuc vat khoang 3:1.
H,C=CH X

HaC CHz=CH,

CH,

N\

| 0
CH, COOCH;

COOCHsg

Hinh 7.1 C4u tao cta clorofil a va b:
a—X1a CHs; b—X1a CHO

Tinh chat

a) Duo¢i tac dung cua nhiét d6 va axit cuad dich bao mau xanh bi mét di, mot
mit 13 do protein déng tu 1am vo té bao bi pha huy, mat khac 1a do lién két giua
clorofil va protein bi diit 1am cho clorofil dé dang tham gia phan img 7.1 dé takp ra
feofytin c6 mau xanh oliu:

Clorofil + 2HX — Feofytin + MgX, (7.1)

b) Khi cho tdc dung véi kiém nhe nhu cacbonat kiém, kiém thd thi ching sé
trung hoa axit vd mudi axit cud dich t& bao va tao nén mdi trudng kiém lam cho
clorofil bi xa phong hoa dé cho rugu phytol, metanol va axit clorofilinic.

Clorofila + kiém — (C;H;0ONMg)(COONa), + CH;0H + ruou phytol
Clorofilb + kiém — (C3,Hy30,N4Mg)(COONa), + CH30H + rugu phytol

Céc axit (C5,H30ONMg)(COONa), va (C3,H,30,N,Mg)(COONa), thu dugc
do xa phong hod clorofil a va b duwojc goi la clorofilin hodc clorofilit. Cac axit
cling nhu mudi cua chung déu cho san phim mau xanh dam.

Trong mot sb cdy con ¢ enzym chlorophyllase ciing c6 thé thuy phan duoc
céc lién két este nay dé giai phong ra phytol va metanol. Enzym nay thuong duoc
dinh vi trong cac sdc lap, kha bén véi nhiét va chi duoc hoat hoa trong thoi gian
chin.

¢) Clorofil ciing c6 thé bi oxy hoa do oxy va anh sang (quang oxy ho4), do
tiép xuc vai cac lipit bi oxy hoa hodc do tac dung ciia enzym lipoxydase. Cac qua
trinh oxy hoa nay co thé xay ra trong cac rau (nhét 13 rau siy) bao quan & do am



twong dbi dudi 30%; con khi d6 4m twong ddi cua khong khi cao hon thi clorofil lai
bi bién do1 thanh feofytin (phan tng 7.1). Mot s6 huop chat bay hoi c6 thé lam tang
(etylen) hay Iam cham (khi CO,) su bién hod cua clorofil.

d) Dudi tac dung cud Fe, Sn, Al, Cu thi Mg trong clorofil s€ bi thay thé va s&
cho cac mau khéc nhau sau:

- V61 Fe s€ cho mau nau;

- V&i Sn va Al cho mau xam;

- V6i Cu sé cho mau xanh sang.

Trong san xuét thue phém, dac biét la trong san xuét do hdp rau, nguoi ta
thuong dung cac bién phéap sau day dé bao v¢ dugc mau xanh diép luc:

- Gia nhiét nhanh trong mot lugng nuédc soi 16n (3-4 1/kg) dé giam ham
lugng axit. Axit lic nay s€ bi bay di cung véi hoi nudc;

- Gia nhiét rau xanh trong nudc cing, cacbonat kiém thd s& trung hoa mot
phan axit cua dich bao.

Trong thuc té, dé bao vé mau xanh cua dau dong hop, nguoi ta cho vao hdp
mot it dinatri glutamat hodc dé nhuém mau xanh cho déu vang, nguoi ta diung
clorofylin (clorofil + kiém). Clorofil dé bi hap thy trén bé mat cua hat dau va giir
duoc bén mau trén bé mit d6 1am cho mau hat rat dep.

2.2.2 Carotenoit

Carotenoit 1a nhém chit mau hoa tan trong chit béo 1am cho rau va qua co
mau da cam, mau vang va mau do. Nhom nay gém tir 65-70 chat mau ty nhién, tiéu
biéu 1a caroten, licopen, xantofil, capxantin va xitroxantin. Carotenoit c6 trong da )
cdy (trr mot s6 ndm) va hau nhu c6 trong tit ca co thé dong vat. Ham luong
carotenoit trong 14 xanh chiém khoang 0,07-0,2% chét kho, tong truong hop han
hiru nguoi ta théy néng dd carotenoit rat cao, vi du trong bao phén cua nhiéu loai
hoa loa kén c6 nhiéu xantofil va anteracxantin.

Tat ca carotenoit dé khong hoa tan trong nudc, rat nhay déi voi axit va chat
oxy hoa, nhung lai bén viing voi kiém. Mot trong nhimg dic diém cua carotenoit 13
c6 nhiéu ndi d6i ludn hop tao nén nhitng nhoém mang mau cua ching. Mau cua
chung phu thugc vao nhiing nhém nay.

T4t ca carotenoit ty nhién c6 thé xem nhu dan xuét cua licopen.
2.2.2.1 Licopen

Licopen c6 trong qua ca chua va mét s0 qua khac. Mau dé cud ca chua chin
chu yéu do c6 mat licopen mac du trong ca chua cong mdt loat cac cait khac nua

nhu: fitoflutin, a-caroten, B-caroten, y-caroten, licopen. Trong qué trinh chin, ham



luong licopen trong ca chua ting 1én 10 1an. Tuy nhién, chit mau nay khong cé hoat

tinh vitamin. Licopen c6 cau tao nhu sau:

licopen
Béng cach tao thanh vong ¢ mot dau hodc ca hai dau cua phan tr licopen thi
s& duoc cac dong phan a. B, y-caroten. Mau da cam cud ca rot, mo chi yéu 1a do
caroten. Caroten c6 ciu tao nhu sau:

y-caroten

T4t ca nhitng carotenoit ty nhién khac déu 1a dan xuat cua licopen va caroten.
Chung duoc tao thanh bang cach dua nhém hydroxyl, carbonyl hoat metoxy vao
mach, nho phan ing hydro hoa hodc oxy hoa.
2.2.2.2 Xantofil

Xantofil c6 cong thirc Cy4oHs60, va c6 dugce béng cach gén thém hai nhom
hydroxyl vao phan tor a-caroten, do do6 co6 tén 3, 3’-dihydroxy a-caroten va 3, 3’-
dihydroxy p-caroten véi ty 1€ 2:1. Xantofil cung véi caroten c6 chud trong rau xanh

va cung voi caroten va licopen cua ca chua.



Xantofil

2.2.2.3 Capxantin

Capxantin c¢6 cong thiic C,HsgO3 1a chdt mau vang cd trong ot do.
Capxantin chiém 7/8 tit ca chit mau cua 6t. Capxantin 1a dan xuit cua caroten,
nhung c¢6 mau manh hon céac carotenoit khac 10 lan. Trong 6t d6 ¢ céc carotenoit
nhiéu hon trong 6t xanh 35 1an.

2.2.2.4 Criptoxantin

Criptoxantin cé cong thirc nguyén Cy4oHsgO5 (3- hoac 4- hydroxy [-caroten).
Mau da cam cua quit, cam chi yéu 1 do criptoxantin.
2.2.2.5 Birxin

Birxin 1a chat mau do c6 trong qua cdy nhiét di tén 1a Bixa orellana, birxin
duoc ding dé nhudém mau diu, margarin va cac san phdm thue phdm khac. Birxin 1a
san pham oxy ho4 cua céc carotenoit c¢6 trong 40 nguyén tir cacbon.
2.2.2.6 Xitroxantin

Xitroxantin ¢6 cong thirc Cy4Hs0O. Xitroxantin c6 trong vo quad chanh.
Xitroxantin c¢6 dugc khi két hop vao phan tir B-caroten mot nguyén tir oxy dé tao
thanh cdu trac furanoit.
2.2.2.7 Astarxantin

Astarxantin ciing 1a din xudt cua caroten va c6 tén goi 1a 3, 3’-dihydroxy -
4,4’-dixeto-B-caroten.

Trong trimg cud loai gidp xac co chat mau xanh ve goi 1a ovoverdin c6 thé
coi nhu 1a mudi dang endil cud astarxantin va nhom amin cua protein (két hop cua
astarxatin va protein).

Trong mai va gidp cua cua, tom astarxantin ciing tham gia vao thanh phan
cua lipoprotein goi la xianin.

Trong qua trinh gia nhié¢t do protein bi bién tinh va astarxantin bj tich ra
dué6i dang chat mau do.



2.2.3 Céc chit mau nhom flavonoit

Céc chatmau nay hoa tan trong nudc va chué trong cac khong bao. Trong
rau, qua va hoa, s luong cling nhu ty 1¢ cac flavonoit khac nhau, do d6 lam cho
ching c6 nhiéu mau sac khac nhau: tir mau d6 dén mau tim. flavonoit 1a nhirng dan
xudt cua croman va cromon. Croman va cromon la nhitng phenylpropan vi ¢6 chua
bd khung cacbon C4-Cs. Khi croman hodc cromon ngung tu véi mot vong phenol
nud thi duoc dan xudt co tén 13 flavan.

O ¢ OO \J
croman cromon flavan

Dua vao mutrc do oxy hoa (hodc khir) ctia di vong, c6 thé chia flavonoit ra cac
nhom c6 dang cau trac chu yéu nhu sau:
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catesin (flavanol-3) leucoantoxianidol antoxianidol
(flavandiol-3,4)
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2.2.3.1Antoxian

Antoxian hay 13 antoxianozit 13 mono- diglucozit do gbc duong glucose,
galactose hodc rhamnose két hop véi gbc aglucon ¢6 mau goi 13 antoxianidin. Do
do6, khi thuy phan antoxian thi dugc dudng va antoxianidin (antoxianidol). Antoxian
hoa tan trong nudc, con antoxianidol thi khong hoa tan trong nudc. Cac
antoxianidol va cac antoxian 13 nhimg chit tao nén mau sic cho hoa va qua. Céac
antoxianidol ¢c6 mau do, xanh, tim hoac nhirng gam mau trung gian.

Tat ca antoxianidol déu c6 chua trong vong pyran oxy hod tri tuy do. Tuy
nhién ngudi ta chua bién duoc chic chin nguyén tir nio: oxy hay cacbon mang dién
tich duong ty do. Do d6 antoxianidol thudng duoc biéu dién dudi dang cong thirc

trung tinh:
cl
o' /g\
9 oonY,
OH OH

Cong thirc thuong Cong thirc trung tinh
Nho dién tich duong ty do nay ma cac antoxianidol trong dung dich axit tac
dung nhu nhiing cation va tao mubi dugc véi cac axit. Con trong dung dich kiém thi
antoxianidol lai tac dung nhu anion va tao mudi véi bazo.

Thuong gdp ba antoxianidol chinh la: pelargonidol, xianidol va delfinidol.
Con apigenidol thi it gap hon.

+
HO ) N
\O“ \
OH
OH OH

pelargonidol apigenidol
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xianidol xirinhidol (malvidol)

Tinh chat cui antoxian

Noéi chung cac antoxian hoa tan tét trong nudc va trong dich bio hoa. Khi
kép hop voi duong 1am cho phan tir antoxian cang hoa tan hon.

Mau sic cua cac antoxian ludn ludn thay doi phu thude vao nhiét dg, cac chét
mau c6 mat va nhiéu yéu t6 khac,...Khi ting s6 lugng nhom OH trong vong benzen
thi mau cang xanh dam (trong vong benzen c6 thé c¢6 1-2 hodc 3 nhom OH)

Muc do metyl hod cdc nhom OH ¢ trong vong benzen cang cao thi mau cang
d6. Néu nhém OH & vi tri thir 3 két hop véi cac gbe duong thi mau sic cling sé& thay
d6i theo s6 lwong cac gbc duong duoc dinh vao nhiéu hay it.

Céc antoxian ciing c6 thé tao phtrc v6i cac ion kim loai dé cho cac mau khac
nhau: chang han mubi kali s& cho véi antoxian mau d6 mau, con mudi canxi va
magie s& cho v&i antoxian phtrc ¢6 mau xanh ve. Hodic nguoi ta ciing thdy phiic bon
tlr den s& chuyén sang mau xanh, con anh dao thi chuyén sang mau tim khi c6 mat
thiéc, anh dao ciing s& c6 mau tim khi ¢ mat nhom, nhung nhom lai khéng anh
huong dén mau cua nho d6. Cac antoxian cua nho chi thay d6i dang ké khi c¢é Fe,
Sn hodc Cu. Piém dang cha ¥ 1a mau sic cua cac antoxian phy thudc rat manh vao
pH moi truong.

Thong thuong, khi pH>7, cac antoxian cho mau xanh va khi pH<7, céc
antoxain c6 mau d6. Chang han, rubrobraxinin clorua 13 antoxian cua bap cai do, 1a
mot triglucozit cud xianidin.



Khi pH=2,4-4,0 thi c6 mau do tham; pH=4-6 thi c6 mau tim; pH=6 thi co
méu xanh lam; pH 13 kiém thi ¢c6 mau xanh 1 ciy.

Hodc nhu xianin c6 trong hoa héng, mau sic sé thay ddi khi pH cua dich bao
thay doi.

Mau séc cua antoxian con c6 thé thay d6i do hap thu & trén polysacarit.

Khi dun néng lau dai cc antoxian c6 thé pha huy va mat mau, dic biét 1a cac
antoxian cud dau tdy, anh dao, cu cai. Nguoc lai, cac antoxian cua phuc bon tir den
cling trong diéu kién d6 lai khong bi thay doi. Nhin chung khi gia nhiét, cac chat
mau d6 dé dang bi pha huy, con chat mau vang thi khé hon.

Céc mau sic khac nhau cua hoa c¢6 duge 14 do to hop cac antoxianidin va cac
este metylic cua chiing véi axit va bazo.

Tém lai, trong moi trudong axit, cac antoxian la nhitng bazo manh (oxonium)
va c6 thé tao mudi bén vimng voi axit. Antoxian ciing c6 kha niang cho mudi véi
bazo. Nhu vay ching c6 tinh chat ludng tinh. Mudi véi axit thi ¢c6 mau do, con
mudi voi kiém c6 mau xanh.

Trong san xuét dd hop, dé bao vé mau sic tu nhien, nguoi ta co thé cho thém
chét chéng oxy hod, vi duy, thém rutin dé bao vé mau cua anh dao va man, thém
tanin, axit ascorbic dé bao vé mau cua dau va anh dao. Mot bién phap khac co thé
bao vé duoc mau ty nhién cua cac dd hop rau qua 1a thém enzym glucooxidase,
chang han nhu thém gluco oxidase dé gilt mau ty nhién cud nudc qua duc...

Céc dan xuat cromon déng chu y hon ca 14 flavanon va flavonol

2.2.3.2 Flavanon

So v6i cac flavonoit khac thi cac flavanon it gap hon. Hesperidin va naringin
la hai flavanon c6 trong vo cam quit bén canh cac catesin c6 hoat tinh vitamin P.
Aglucon cua cac glucozit nay la hesperetol va naringenol:

OH
+
HO 0
N OCHg
OH )
hesperetol naringenol

Naringin 13 diholozit (v&i glucose va rhamnose) thuong giy ra vi ding cua
budi nht 14 ¢ budi trude khi chin.



H OH
H O
OH H 0 OH
HO

H O

CHj
naringin
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Naringin 1a mét flavonoit khong mau, it tan trong nudc, dé dang két tua dudi
dang cac tinh thé nho do d6 gy kho khin cho san xuat nude qua ciing nhu puree
cam quit. Khi qua chin, enzym nariginase phan cit lién két glucose-rhamnose do d6
mat vi dang.
2.2.3.3 Flavonol

Flavonol 1a glucozit lam cho rau qua va hoa c6 mau vang va da cam. Khi
flavonol bi thuy phan thi gidi phong ra aglucon mau vang. Céc glucozit nhom
flavonol rat nhiéu, nhung thuwofng gip hon ca la nhuiing aglucon dan xuét sau day:

Kempherol R=R’=H

@)
HO OH
Querxetol R=OH, R’=H O O
0]

Mirixetin R=R’=0OH

Astragalin 1a 3-glucozit cud kempherol, c6 trong hoa tir van anh, hoa dé
ngua, trong 14 ché va trong hoa hong. Querxetol c¢é trong vo soi, 14 che, tao, nho,
thudc 14, hoa huplong (hoa bia).

Rutin 1 3-rhamnoglucozit cua querxetol rat thuong gip ¢ trong cdy. Rutin
dugc ung dung rong rai trong y hoc lam thube b6 mao mach.

Céc flavonol déu hoa tan trong nuéc. Cudng d6 mau cud ching phu thude
v&o vi tri nhém OH: mau xanh nhat khi OH & vi tri orto.

Flavonol tuong tic v&i sat cho ta phitc mau xanh 14 cdy, sau chuyén sang
mau nau. Phan tng nay thuong xay ra khi gia nhiét rau qua trong thiét bi bang sat
hodc bang st tring men bi dap.

Véi chi axetat, flavonol cho phirc mau vang xam. Trong mdi truong kiém,
flavonol rat d& bj oxy hoa va sau d6 ngung tu dé tao thanh san pham mau do.



2.3 Cac chat mau hinh thanh trong qua trinh gia cong k¥ thuit

Trong cac nguyén lidu dua vao ché bién thyc pham, thuong chira mot t6 hop
cac chat khac nhau. Trong qua trinh gia cong co nhiét, chiing s€ dugc tuong tac voi
nhau dé tao thanh nhitng chat mau méi c6 anh huong t6t hodc xau dén thanh phém.

Céc phan mg tao mau trong thuc phim thudng phic tap va da dang. Chéng
han nhu mau sic cua nudc ché 1a do phan img oxy hoé cac polyphenol bang enzym,
mau sic xuat hién khi say malt, khi nuéng banh mi hodc trong cic san pham ché
bién hat khac lai hau nhu cha yéu do phan tng ozamin. Néu nhu trong cic sin
phém banh keo, mau dugc tao nén chu yéu la do phan tng caramen hoa cac duong
thi trong ché bién rau qua mau duoc hinh thanh nén con do mot loat cac phan tng
khac nira.

Chung quy lai, cac phan Uing tao mau la nhirng phan rng oxy hoé va nhiing
phéan g c6 enzym xuc tac khong c6 enzym xtc tac. DP6 1a phan ung trung hop hoa
cac pham vat oxy hoa cua polyphenol va phan ting giua bisflavonoit v4i axit amin.
Chung gom co:

- phan Gng gitra dudng va axit amin;

- phan ung dehydrat hoa cac duong hay 1a phan ting caramen ho4;

- phan Ung phan huy axit ascorbic, axit limonic, axit maleic, axit tartric va

mot s axit hiru co khac;

- phan ung oxy hoa cac hgp chat cua sat va tao thanh phtrc c6 mau;

- phan ng tao nén cac sulfua kim loai c6 mau.

2.3.1 Tao mau ma@i do phan @ng caramen

Phén g caramen hoé c6 anh hudng 16n dén mau sac cua cac san pham giau
duong nhu banh, keo, mut...Phdn tmg xdy ra manh mé€ & nhiét d§ ndong chdy cua
duong. Chang han, véi glucose & 146-150 °C, fructose & 95-100 °C, saccharose &
160-180 °C, lactose 223-252 °C. Tuy nhién, phy thudc vao ndng do duong, thanh
phan pH cua méi truong, thoi gian dun néng,...ngudi ta van tim thay cac san pham
cua su caramen O nhiét do thép hon diém nong chdy cua duong. Vi du, saccharose
c6 thé bit dau bién doi nay khi ¢ nhiét d6 135 °C.

Giai doan dau cué phan ung tao nén cic anhydrit cud glucose, fructose,
saccharose nhu glucozan, fructozan, sacarozan 1a nhitng hop chat khong mau. Sau
do, bén canh sy dehydrat hod con xdy ra sy trung hop hoa cac duong da duong
dehydrat hoa dé tao thanh cac pham vat c6 mau nau vang.

Chéng han, v6i saccharose, so ¢ phan tng caramen nhu sau:

Ci2H»nOpp — CeHygOs + CgHigOs + H,O

Pén 185-190 °C s& tao thanh izosacarozan:



glucozan + levulozan — izosacarozan
CeH100s + CeH100s —  Ci12Hz0010

Khi ¢ nhiét d6 cao hon s& mat di 10% nudc va tao thanh caramelan

(C1,H 509 hodc C,4H36015) c6 mau vang:
2C1H2010  —  (C12H1509) hode CqH36015 + ,H0
izosacarozan caramelan

Khi mét di 14% nudce s& tao thanh caramelen:

CioH2019  + CyuHz013 —  C36HygO024.H,O + 3 H,O

Va khi mat di 25% nudc sé& tao thanh caramelin ¢6 mau nau den.

Can chil y rang tat ca cac san pham caramen hoa déu cé vi dang.
2.3.2 Su tao mau madi do phian &rng melanoidin

Phan tmg ozamin, cacbonylamin, aminoza hay phan ing melanoidin 1a phan
g ¢6 vai trd dic biét quan trong trong k¥ thuat san xuat thyc pham. Cac hop phan
tham gia phan tng 1a protein (hodc cac san phiam phan giai cua ching) va
carbohydrat.

Diéu kién dé phan ung xay ra duoc 1a chat tham gia phan ung phai c6 nhom
carbonyl. Khéc vdi phan ing caramen hod, phan ting ozamin doi hoi nang lugng
hoat ho4 bé hon, nhung dé tién hanh phan @ng bat budc trong moi trudong phan ng
phai c6 nhém amin hodc amoniac.

Dua vao mitc dd vé mau sic cua cac san phém c6 thé chia thanh ba giai doan
ké tiép nhau. San pham cua giai doan dau khong mau va khong hip thu anh séng
cuc tim. Giai doan nay bao gdm hai phan tng: phan ting ngung tu carbonylamin va
phan tng chuyén vi Amadori. San phim cua giai doan thir hai khong mau hoic c6
mau vang, nhung hap thu manh anh sang cuc tim. Giai doan nay bao gdm phan tng
khtr nudc cua duong, phan huy duong va cac hop chit amin. San phim cua giai
doan cudi c6 mau dam. Giai doan nay gébm c6 phantmg ngung tu aldol, tring hop
hoa aldehytamin va tao thanh huop chét di vong chua nito.

Thyc té trong hdn hop phan tng c6 chua dong thoi tat ca cac san pham,
nhung ti lugng cua san pham nay hay san phdm khac chiém wu thé 13 phu thudc
mirc d6 tién hanh cua phan tng.
2.3.2.1Cac giai doan cui phan urng tao melanoidin

a) Giai dogn ddu cud phdn urng tao melanoidin

Phan tmg ngung tu cacbonylamin

Giai doan dau tién cua sy tao thanh melanoidin 1a sy ngung tu duong voi axit
amin. Trong diéu kién nhiét do sinh 1y thi tao thanh bazo Schiff (hop chét hitu co ¢
nhom -HC=N-) hodc glycoside:



0 Il Il
2 C C—
H——OH H——OH H—t—OH
HO——H .k H,0 Ho—f—H HO——H ©
2N == P
H——OH 4,0 HTTOH H——OH
H——OH H——OH H
CH,OH CH,OH CH,OH
Glucose bazo schiff N-glucoside

Trong diéu kién san xuét khi & nhiét do cao, phan ung duoc bat dau khong
phai tir N-glycoside ma tir sacaroamin (dudng amin) theo so do:

C<O C%O

’ H T C|ZOOH ’\H H COOH
H—C—OH +4+ H—N—C—R" =—= H—C N—C—R"

. L b
duwong hop chdt amin phirc duwong amin

Phirc duong amin dugc tao thanh khong mau va khong cé tinh chit nao cua
melanoidin ca.

Phén g nay c6 thé tién hanh & chd lanh va qua mot vai gio thi dat duoc can
bang. Nhung c6 thé ting rit nhanh khi dun néng hdn hop phan tng.

Phén tmg chuyén vi Amadori

Khi ¢ nhiét do cao thi phttc dudng amin bi ddng phan hoa hay ngudi ta con
goi 1a bi chuyén vi ndi phan Amadori. Két qua 1a giita nguyén tir cacbon thir nhat va
thi hai phat sinh ra nbi kép va tao thanh 1-amin-1dezoxy-2-ketose:

1C<O H
| H ?OOH <|300H TH COOH
H_ZT—N T_R" —=R—ZC—"CH,—NH—C—R" =—= R'—C:CHz—NH—clz—R"
Lo ! )
Phirc duwong amin 1-amin-1-desoxy-2-ketose dang enol
cua 1-amin-1-desoxy-2-
ketose

Pham vt cua su chuyén vi Amadori 1a hgpo chat c6 kha ning phan tng va 13
chat khoi dau dé tao thanh polyme c6 mau sdm goi 1a melanoidin.



b) Giai doan trung gian cud phan wng melanoidin

O giai doan nay xay ra sy khir nude cua 1-amin-1-desoxy-2-ketose tao thanh
céc san pham phan ly khac nhau. Phy thudc vao diéu kién cua méi truong va nhiét
d6 ma giai doan trung gian c6 thé tién hanh bang mot vai con dudng. Sy khir tao
thanh furfurol hodc hydroxymetylfurfurol 1a mét trong nhitng con dudong khir nude
cua desoxyketose. Mot con duon gkhac 1a tao thanh reducton mach ho. Con duong
thirc ba 1a phan huy hop phan duong dé tao thanh aldehyt, deton, diaxetyl. Con
duong thtr tu 1a tao thanh ozon.

Tao thanh furfurol va ozon

Néu cau tir dau tién cua su tao thanh melanoidin 1 glucose, thi san pham
chuyén vi Amadori khi dun ndng s& chuyén sang dang furan va sau d6 thanh bazo
Schiff cud hydroxymetylfurfurol:

HN—R
i
C—OH HO—CH—CH—OH HC——CH
I -H,0 -H,0 Il
HO—C—H — > HO—H,.C C—CH—NH—R ——> HO—H,C—C C—CH=NH—R
I o~ ~o”
H—|C—OH
H—C|)—OH
CH,OH
1-amin-1-desoxy-2-ketose bazo shiff cua
hydroxymetyl
furfurol

Néu duong khoi dau khong phai 14 hexose ma 1a pentose thi tao thanh bazo
Schiff cua furfurol.

Sau nay khi bi thuy phan, bazo Schiff cud hydroxymethylfurfurol hodc cua
furfurol c6 thé bi phan huy dé tao thanh hydroxymetylfurfurol hogc furfurol va axit
amin tu do theo so dd:

CH—CH CH—CH
_ TH0 |
HO—H,C—C_ _C—CH=NH—R ——» HO—H,C—C_ _C—C 4+ H,N—R
O o] H
hydroxymetylfurfurol axit

amin

Doi khi bazo Schiff cua hydroxymetylfurfurol va cua furfurol ciing c6 thé
ngung tu dé tao thanh melanoidin chué nito. Trong méi trudng axit hodc trung tinh
va & nhiét d6 cao thi furfurol va cic dan xuét cua no sé& tao thanh trudc tién.

Mot sb tac gia dd tim thdy mot con dudng khir nude khac cua desoxyxetose.
Ban diu desoxyketose phan mg v&i phéan tir glucose dé tao thanh difuranozamin.



Sau d6 difuranozamin bi phan huy dé tao thanh 3-dezoxyglucozon, cac ozon khong
no dang cis va trans:

(|3H (|3H (l_)H
C— C— C
C|3:O C|3:O (l;:o
H—<|3—H o) C|:—H o} H_cl; 0
H—(|3—OH |(|;—|-| |C|)—H
g P s
C|3H20H (|3H20H (|3H20H
3-dezoxyglucozon glucozon khong no dang cis  glucozon khong no dang trans

Hydroxymetylfurfurol ciing c6 thé duoc tao thanh. Céc tac gia nay cho rang
cac san pham vua ké trén 13 nhirng chat tién than co ban cua cac polyme c¢6 mau nau
sam.

Tao thanh reducton c6 6 cacbon

Cac aminodezoxyketose duoc tao thanh khi chuyén vi Amadori, c6 thé bi
khtr di hai phan tir H,O dé tao thanh céac reducton c6 6 cacbon.

Reducton 12 nhimg hop chét hiru co ¢6 tinh chat chung 1a khir manh do c6
mat nhoém endiol:
—Cc—C—
i n
Theo thuong 1€, nhom endiol cud reducton dugc lién két voi géc aldehyt
hoic gbc axit. Vi du:

(0]
Y
CH:C—C/
N
HO HO  H
Do d6, nhiing hop chat nay rat nhay véi phan ing oxy hoa va khir.

Chéng han, reducton don gian nhét 13 triozoreducton:

/
ch=c—c”
| N\
HO HO H
Chat nay thyuc chat 13 enol cua hydroxymetylglyoxal:

o) o)
/ /

(,3H2—,(,3—C\/ _— (|3H:c,:—c/

HO O H HO HO H

Hydroxymetylglyoxal reducton hay la enolaldehyd



cua axit tartric
Su t6 hop cua nhom endiol véi nhom carbonyl 1am cho cac chat nay co kha
nang nhay cdm dac biét vdi phan ing oxy hoa va khu.
Kha niang phan tng cua reducton c6 thé din dén sy khir hydro dé chuyén
nhom endiol thanh nhom carbonyl

2H
R1_CH:C_R2 — R.]—(l:l—(l:l—Rz
HO HO 0 0
reducton dehydroreducton

Di nhién, reducton c6 thé d& dang két hop véi oxy va chinh d6 1a diéu rat
quan trong cho sy bén viing cuac covat.

Reducton khong khir dung dich Fehling lai dé dang khir iot va 2,6-
diclophenolindophenol.

Axit dehydroascorbic c6 thé coi 1a mot vi du cua reducton co sau cacbon.

Khong phai chi riéng reducton ma cac dang dehydro cuad chung cling tham
gia vao viéc tao nén mau nau.

Phan huy duong
O
Mot trong nhitng giai doan trung gian cua phan |C|:
img tao melanoidin 13 sy phinhuy cdu tr duong cuan |
pham chuyén vi Amadori dé tao thanh cac pham vt khac [ 0
nhaul triozoreducton, aldehyt pyruvic, axeton, axetoin, ?_O
. L]
diaxetyl. |
Mot sb chét tao thanh kh phan huy dudng c6 mfui HO_?_H
vi va vi dé chiu do dé quyét dinh chat lugng cua san CH,OH
pham. Axit dehydroascorbic

Phdn huy cdc hop chat amin

Trong qué trinh tao nén melanoidin thi CO,, aldehyt va NH; la nhiing phém
vat cud phan ung khi & nhiét do cao. Nguyén do cud hién tugng nay la sy phan huy
Strecker theo nhitng hudng khac nhau:

1/ Pham vat chuyén vi Amadori c6 thé két hop véi axit amin dé thoat ra CO,
va H,O:

COOH 0 COOH R' COOH
1 » €O
R——CH—NH; 4 R——CH—CH,—NH—CH—R"~ —— R—CH,—N=CH—CH,—NH—CH—R’
-H,0
2



Bazo Schiff duogc tao thanh bi phan ly thity phan thanh aldehyt va hop chat
amin. Chinh hop chat amin nay s& cho cac pham vat chud ni to va ¢6 mau niu sau

nay. Con aldehyt dugc tao thanh trong phan ing nay, so véi axit amin da tham gia

tuong tac vdi aminodezoxyketose thi c6 it hon 1 cacbon.

T
C—R
Il
N
R clz H
| H,0
H—C|)—H =
N—H
o |
R—C|:—COOH
H

1
R1—C|3—H
0 H—C—H
7 |
rR—c 4+ (-
H o |
R——C|:—COOH
H

2/ Giua furfurol hodc hydroxymetylfurfurol va axit amin c6 thé xay ra su

tuong tac oxy hoa:

CH——CH 0
g
N \
0 H
furfurol
R CH——CH 0
| | |
HC—NH, + C\O /C—C\OOH
COOH
axit amin

R

0, él ICI; /
% —_—
N~ \
© OOH
axit furfurolic
| TP
_ v
— C=—NH + C\O/C—C\ +
COOH OH
axitimin axit furfurolic

R
|

C=—NH 4+ H,0

COOH

Két qua 1 tir axit amin tao thanh aldehyt c6 it hon mot nguyén tir cacbon.

C—O0 4+ CO, + NH;
COOH
aldehyt

H,O

3/ Aldehyt ciing c6 thé duoc tao thanh do két qua cua sy chuyén amin giua

axit amin v4i reducton

) )
COOH o H HN O

CO,



Gia str, do sy chuyén amin ma din dén hinh thanh nén aldehyt 1a phan tng
cha yéu, thi rd rang 1a do két qua cua phan mg d6 ma ni to tham gia vao polyme
mau nau. Phan 16n CO, thoat ra trong qua trinh tao mela

néu do axit amin bi phan hity Strecker. Cac aldehyt tao thianh dong vai tro
quan trong trong viéc hinh thanh huong vi cua san pham thuc pham khi ché bién
nhiét.

¢) Giai doan cubi ciing cua phan tng tao melanoidin

Giai doan cudi ciing ndy bao gom rat nhiéu phan tmg phirc tap. C6 thé chia
thanh hai kiéu phan ung:

- Phan tng ngung tu aldol véi su tao thanh polyme mau nau khong chua

nito;

- Phan tng tring hop hoa aldehytamin vdi su tao thanh cac hop chét nitwo

di vong.

Su ngung tu aldehyt axetic c6 thé cling 1a vi du vé su ngung tu aldol:

OH O
HyC—C +  HyeH—c7 — HsC—C—CH,—C
N AN N
H H H
aldehyt axetic aldol

Khi d6 nguyén tir hydro cud nhom metyl cud mot phan tur aldehyt nay dugce
lién két v6i nguyén tir oxy cua nhém carbonyl cua phan tir aldehyt thir 2.
Sy trung hop hoé va oxy hoa dong thoi cac aldehyt aminoaxetic dan dén tao
thanh pyrazin.
NH3 CHO

C|)H | +0, N\
CH - =

| 2 + | 2 | P + 3 H,0O
CHO NH, N

Pyrazin ¢ mui d& chiu nhung yéu, hoa tan trong nudc.

Khi trung hop hod dehydroreducton véi amoniac va aldehyt sé€ tao thanh hgp
chat phuc tap c¢6 chua vong imidazol:

NH, 1
R1—c|;:o N O§C_R3 , || || ;
R,—C=0 % - R—C\ TR 4+ 3HO0
H N
NH, H

imidazol dan xudt
Ngoai nhitng hop chat di ké, do két qua cua phan tng ngung tu aldehyt,
pyridin va pyrol ciing ¢6 thé duge hinh thanh.



Su ngung tu aldol chi tién hanh dugc khi caramen hoa dung dich dudng
thuan khiét. Khi c6 mit cac hop chat amin mic dau chi 13 vét ciing xay ra dong thoi
c4 hai kiéu phan ung.

Giai doan cudi cing cua phan tng melanoidin s& tao nén dau tién 1 cac
polyme khong no hoa tan dugc trong nudc, sau dén 13 cac polyme khong no va
khong hoa tan dugc trong nudce, nhung déu c6 mau ddm va cé cung tén goi chung 1a
melanoidin.

Céac melanoidin hip thu manh tia cuc tim (<220 nm), khong khtr dugc dung
dich Fehling, nhung khir dugc iot va 2,6-diphenolindophenol. Kha niang hoa tan cua
melanoidin phu thudc vao nhiét do va phan ung tién hanh.

Khi nhiét d§ cao thi qua trinh x4y ra manh li¢t hon, nhung melanoidin tao
thanh c6 huong thom kém hon va it hoa tan trong nudc hon. Cac melanoidin khong
hoa tan vé tinh chét thi gn giéng humin.

2.3.2 Diéu kién tién hanh cua phan ung melanoidin

a) Anh hwéng cud axit amin va dwong

Nhu di thay & trén, cuong do sim mau cua phan ing phu thudc vao ban cht
cua axit amin, ban chit cua duong, néng do chat kho noi chung trong dung dich,
nhiét do, pH va mét loat yéu td khac.

Qua co ché phan tng, ta thdy mot trong nhiing phan mg cué giai doan trung
gian la tao thanh furfurol va oxymetylfurfurol c6 kém theo su tai tao lai axit amin
vbn da tham gia tuong tac v6i duong tir phan tmg dau tién. Nhu véy, axit amin c6
thé xem nhu mot chit xac tic & trong giai doan dau. Mat khac, melanoidin - san
pham cubi cling cua phan tng lai 14 chat co chud nito. Mot phan axit amin tiéu tén
cho sy tan tao aldehyt va thoat ra NH;. NH; tuong tic v&i duong va tao ra
melanoidin.

Céc axit amin tham gia phan Uing khac nhau phu thudc vao nhiét d9, pH va
lugng nude. Cuodng dd phan ung phu thude vao loai axit amin.

Protein, peptit, amin, amon va mot s6 chat chua nito khac cling c6 kha ning
phan tng v&i duong khir tao thanh chat c6 mau sdm.

Cudng d6 cua phan tmg melanoidin ciing phu thudc vao ban chat cua dudng
khtr va ndng d6 dudng. Glucose phan tmg manh liét hon ca, sau dén galactose va
lactose. Ty 18 giira axit amin va dudng thich hop nhét 1a 1/2 hodc 1/3. Néi chung
phan tng c6 thé tién hanh ngay ca khi ndng do axit amin khong dang ké va ty 18
axit amin/dudng rat bé 1/40, tham chi 1/300.

b) Anh hwéng cud nwéc

Dé phan ng Maillard tién hanh cuc dai thi xung quanh mdi phén tir protein
phai tao nén 16p don phan glucose va 16p don phan nudc. Nhu vay, su c6 mat cua



nuéc 1a diéu kién can thiét dé tién hanh phan tmg. Nong do chét tic dung cang cao,
lugng nudc cang it thi tao thanh melanoidin cang manh.

¢) Anh hwong cud nhiét dp va pH méi truwong

0 0 °C va dudi 0 °C, phan tmg melanoidin khong xay ra. Cung véi su ting
nhiét d6, van toc phan Gng tang 1én rat manh m&. O cac nhiét do khac nhau, céc san
phém tao thanh cling khac nhau. Nguoi ta nhan théy khi & nhiét do tir 95-100 °C,
phan tmg s& cho cac san pham c6 tinh chat cam quan t6t hon ca. Khi nhiét do qua
cao thi cac melanoidin tao duoc sé& c6 vi dang va mui khét. Vi vay trong san xuat dé
thu duoc malt mau, ngudi ta thuong khdng ché phan tmg melanoidin ¢ 160 °C (mic
du lwong chat mau s& cuc dai khi ¢ nhiét do 190 °C). Vi 1& ¢ nhiét do trén 160 °C
cac melanoidin tao thanh s€ khong hoa tan trong nude, do d6 lam giam kha nang
cho mau va dg trich ly cud malt thu duogc.

Phén tmg Maillard c6 thé tién hanh trong mot khoang pH kha rong, tuy nhién
trong moi trudng kiém phan tng nahnh hon. Trong khi méi truong axit (pH<3) qua
trinh tao melanoidin thé hién rat yéu va chil yéu 1a sy phan huy duong. Cing véi sy
tdng nhi¢t do phan Ung s€ dugc tang nhanh ngay ca khi trong modi truong axit
(pH=2).

d) Chit kim him va chit ting toc phén g melanoidin

Phan tng caramen hod, oxy hoa va melanoidin la nhitng phan ing c6 u tham
gia cua 4c hop chét carbonyl. Vi vdy chat kim him 13 nhitng chit phan tng duoc
v6i nhém carbonyl nhu dimedon, hydroxyamin, bisulfit. Nhitng chat nay s& két hop
v6i cac chat khac nhau phat sinh ra ¢ trong giai doan trung gian, do d6 lam nging
céc qua trinh tiép theo cua phan ting. Ching han dimedon két hop ;duoc voi aldehyt
nen c6 thé 1am ngung hén phan ung tao melanoidin. Khi sulfuro, axit sulfuro hodc
mudi cua no (bisulfit cua natri va kali) 1a nhitng chat kfm ham rat manh mé& phan
ung tao mau melanoidin. Tac dung kim ham cua axit sulfuro cé lién quan véi cac
reducton:

Bang cach dun néng dung dich glucose va sulfit & 100 °C, ngudi ta da thu
duoc hop chat 3,4-didezoxy-4-sulfohexozon (IIT). Cac dan xuét cué axit sulfuric 13
nhitng hop chat rat bén viing, tham chi bang phuong phap thuy phan nguoi ta van
khong thé thu lai dugc SO, khi chung cit. Do d6, cac san phdm trung gian tuong tu
cua phan tng melanoidin déu khong dugc chuyén hoa thanh cac hop chat mau cudi
cung.

Ngoai ra, khi két hop nhom rugu béac 2 ¢ glucozon khdng no dang trans, axit
sulfuro con gat bo kha nang vong hoa sau nay cud glucozon (khi twong tac véi
amoniac).



Axit sulfuro con thé hién tac dung khang khuan manh mé va la chat chong
oxy hoa. Axit sulfuro on dinh duoc axit ascorbic & dang hydroascorbic & trong céc
san pham. Nguoi ta nhan thiy rang, trong mot s6 san pham (nudc chanh, nude nho,
nudc tao) khi lwong axit ascorbic bi gidm thi cudng d6 sim mau ting 1én, lugng axit
amin va duong khir bi giam xudng con ham luong furfurol lai ting 1én. C6 1& do
tinh khir cua axit ascorbic va kha nang phan mg cud né véi cac san pham thuc
pham s& 1am yéu su tao thanh cac melanoidin. Tuy chit kim ham axit ascorbic nay
lam tang gia tri sinh hoc cud san phém, nhung ¥ nghii thyc tién lai han ché, vi axit
ascorbic ciing nhu nhing axit hitu co khac, khi phan huy s& cho hop chat c6 mau
sam. Ngoai ra, axit ascorbic 1a mot reducton, nghii 1a mot san pham trung gian cua
phan tng melanoidin ma sau ndy s& twong tac voi axit amin dé tao thanh chat c6
mau sam.

Can thiy rang, trong cac san pham c6 mau dam do antoxian truyén cho, thi
dudi tac dung cud vitamin C, mau tu nhién s€ bi nhat di. Nhu vay dung axit ascorbic
dékim him sy sAm mau 1a khong co6 gia tri van nang. Nguoi ta chi co thé ung dung
n6 d6i v6i timg san pham cu thé khi da nghién ctru k§ thanh phan hoa hoc cua né.

Chit kim him phan tGng melanoidin t6t nhit 1a dimedon
(dimetyldihydroreorxin). Né c6 kha ning lién két cac furfurol va aldehyt do d6 lam
ngung su tao thanh melanoidin.

Dimedon trong nhiing diéu kién nhat dinh cé thé lam két tua hoan toan
furfurol bang cach tao ra san pham ngung tu (furfuroldimedon) (hai phan tir). Cac
chét oxy hoa (KmnO,4, H,O,, quinhydron) va cac chat khur (H,SO3, natri hyposulfit,
hydroquinon, hydro méi sinh) déu kim hdm phan tng tao melanoidin nhung véi
cuong do khac nhau:

Gan day, nguoi ta con dung este cud axit pyrocacbonic lam chat kim ham
phan trng melanoidin. Este c6 cau tao nhu sau:

R, va R, co thé 1a gbc alkyl, aryl hodc cac gbc di vong (furfuryl).
Trong mot s6 san pham thuc pham ngudi ta con dung cac anhydrit cacbonic
cua cac a-hydroaxit nhu sau:

Vé phuong dién Iy thuyét, hiéu qua kim ham cua pyrocacbonat ciing nhu cud
anhydrit cacbonic thé hién & chd ching twong tac véi nhom amin ty do. Do d6, axit
amin tré nén khong c6 kha nang phan tng v4i nhém cacbonyl cud duong.

Céc chét tang toc phan (mg melanoidin c6 axit lactic va phosphat. Mudi cua
axit lactic 1am tang nhanh vén toc phan (mg nay rat manh. Dung dich dém phosphat



khong nhitng lam tang nhanh véan tdc phan Ung giud axit amin va glucose ma con
1am ting phan tmg nau hoa dung dich glucose tinh khiét.
2.3.2.1Tinh phd bién cua phan ung Maillard

Nhu da néu ¢ trén, phan Uing giua axit amin va duong xay ra trong diéu kién
rat dé dang, do d6 phan Gng nay rat phd bién trong san xuét va bao quan cac san
pham thyc pham. Tuy thudc vao yéu cau vé tinh chat cam quan cua timg san pham
ma nguoi ta hodc tao diéu kién dé tang cuong phan ung dén t61 da hodc kim him
phan tmg dén muc t6i thiéu.

Mot tong nhiing qué trinh dé tao diéu kién phan tmg nay phat trién toi da 1a
san xuat banh mi. Mau sac cua vo banh mi hau nhu do phan tmg nay quyét dinh. Vi
vy nhitng bién phap k¥ thuat twong ng trong quy trinh san xuat 1én men dé tao
axit amin ty do, duong khir, diéu chinh nhiét d6 tong giai doan nuéng déu nham
muc dich do.

Trong san xuét bia (va covat) mau sic va huong vi cua bia phan 16n do malt
quyét dinh. Céc bién phap ky thuat tong san xuat malt && nham diéu hoa phan tng
melanoidin. Dé thu dugc malt vang, nguoi ta chomoc mam trong mot thoi gian
ngan, lam mat nudc nhanh dé thu duoc lugng axit amin va it duong lam kho khan
cho phan trng carbonylamin. Theo Manxev, do thuy phan axit amin va protein ma
tich tu nhiing hop chét c6 kha nang tao thanh chit thom. Malt say ¢ nhiét do thép
qué s€ anh huworng x4u dén vi cua bi, con khi séy 0 nhiét qua cao, bia s€ c6 vi khét.
Vi viy, khi san xuat bia vang can phai kiém tra sy tao thanh melanoidin va han ché
thot gian dun soé1 dung dich 1én men.

Trai lai trong san xuat ruou ngudi ta tim cach kim hdm phan tmg Maillard
mot cach triét dé. Vi phan tng s& giy ton that tinh bot va duong, don gthoi
melanoidin tao thanh c6 tac dung kim ham hoat dong cud enzym.

Trong san xuat thudc 14, qua trinh sdy, trude khi 1én men va 1én men ciing do
phan tmg Maillard quyét dinh. Viéc 1am giam d6 am cua méi truong sé tao didu
kién thuan loi cho phan g d6 va ting cuong mau sim. Nguyén nhan co ban cua
su tu 4m hoa thudc 1a 1a phan ng melanoidin c¢6 kém theo thoat nudc. Khi ty 1¢
giud axit amin va duong béng 1/2 thi lugng am thoat ra 1a cuc dai va luong chét kho
1a cyc tiéu. Thay doi ty 1& ndy s& c6 anh hudng nhanh chéng dén luong nudc thoat
ra trong phan ung.

Trong san xuét duong, khi ¢ dic, duong bi sim mau ciing 1a do phan tng
melanoidin. Phan @mg melanoidin con c6 anh huong 16n dén viéc ché bién rau qua
cling nhu bao quan chung. Nguoi ta di thay rang do phan tng giud dudng nghich
dao va axit amin hodc mubi amon ma tét ca sird va nudc qua cd dic déu bi sim mau
khi bao quan, nhét 1a & nhiét d6 cao. Trong d6 hop qua va rau, nguoi ta 6 khuynh
hudng bao vé€ mau ty nhién va huong thom cud ching. Phan ung Maillard [uén luén



lam x4u di khong nhing tinh chat cim quan ma ca gia tri thuc phdm cud san pham
nua.

Tom lai, phan (mg melanoidin rit pho bién trong moi san pham thyc pham
c6 lién quan véi gia nhiét va thoi gian bao quan dai.
2.3.3 Su tao thanh cac chat mau do phan ng oxy hoa polyphenol

Bén canh phan trng melanoidin, con c6 phan tmg tao mau do oxy hoa cac
polyphenol c6 enzym va khong enzym tham du. Nguoi ta ciing goi la phan ing sim
mau do enzym.
2.3.3.1 Céc co chit phenol

Hop chit phenol 14 nhitng chit ma phan tir ¢6 chira vong benzen, trong dé co
mét, hai hodc nhiéu hon hai nhém hydroxyl. Dya vao dédc trung cud by xuong
cacbon, cac hop chat phenol ty nhién c6 thé chia ra 1am ba nhom chinh:

nhom hop chit phenol C4-C; (axit galic)

nhom hop chit phenol C¢-C; (axit cafeic)

nhoém hop chat phenol C¢-C3-Cg (catechin va flavonoit)

Kha ning phan Gng tao mau manh hay yéu phu thudc vao ciu tric cua
phenol ciing nhu vao nguén enzym xuc tac phan tmg oxy hod nay. Chang han, cac
metadiphenol thuong 1 nhiing co chat x4u.

Céc co chat phenol chu yéu cud phan ung tao mau do enzym xuc tic nhu
sau:

1/ Pyrocatechol va cac dan xuat (ngoai trir gaiacol hay o-metoxyphenol)
2/ 3,4-dihydroxyphenylalanin (DOPA)

3/ 3,4-dihydroxyphenyletylamin hay dopamin

14 chét chinh 1am cho chudi bi sAm mau.

4/ Axit galic

1a axit c6 nhan thom, khi bi oxy hoa thi cho mau do sam, hoa tan dugc trong
nudc.

5/ Axit clorogenic, c6 trong tao, khoai tay va 18, 1a chat c6 kha ning tao ra
chat mau xanh den khi phan g véi sit trong qué trinh nau khoai tay.



Khi giam pH xuéng nho hon 4 hoic ding céc tac nhan tao phic dugc véi Fe
nhu phosphat hodc axit etylendiamintetraaxetic (EDTA, trong diéu kién cho phép)
thi ¢6 thé tranh dugc phan tng tao mau nay.

6/ Céc flavonoit, trong d6 c6 antoxian, flavon va flavanol 1a nhiing hop chat
nguyén thuy da c6 mau.

Catechin va leucoantoxianidol 12 nhitng hop chat khong mau, dé dang bi oxy
hoa (nhét 13 khi gia nhiét trong méi truong axit), mat nudc dé chuyén thanh nhiing
san pham (antoxianidol) ¢4 mau khac nhau.

Catechin hay catechol la tén goi chung cho cac phenol c¢6 dang flavanol-3

Quan trong nhat trong nhom nay c6 catechin va galocatechin chua nhiéu
trong 14 che:

- Catechin (3,5,7,3’,4’-pentahydroxyflavan)
- Galocatechin (3,5,7,3°,4°,5’-hexahydroxyflavan)

Trong phan tir catechin va galocatechin c¢é hai nguyén tir cacbon bat ddi
xtng & vi tri C, va C; do d6 tao ra nhiéu ddng phan quang hoc (24 ddng phan).

7/ Tanin khong nhiing 13 co chit cua phan ung sim mau do enzym xiic tac
ma con gop phan tao ra két cdu va tao vi cho cac to chirc thuc vat. Ngudi ta thuong
phan bi¢t hai nhém tanin: tanin thuy phan va tanin ngung tu:

- Tanin thuy phéan (tanin pyrogalic) la este cua duong glucose vdi cac axit
polyphenolic khac nhau (axit galic, axit digalic, axit egalic, axit luteic). Este cua
glucose voi axit galic 1a galotanin, cud glucose voi axit egalic 1a egalotanin. Dudi
tac dung cua axit, kiém hodc enzym ching bi thuy phéan thanh cac chat ban dau.

Chéng han nhu tanin Trung Qudc 1a B-pentadigaloylglucose.

Tanin c6 tinh chét thudc da 1a hop chat c6 khdi lwong phén tir tir 500-3000,
1a este cud axit digalic va glucose.

- Tanin ngung tu (hay tanin catechic) 1a hop chat do cac catechin ngung tu
v6i nhau theo kiéu “dau ndi duéi” (Cg-Cg voi catechin) hodc kiéu “dudi ndi dudi”
(Cg-Cg, vOi1 galocatechin) hodc kiéu “dau ndi dau” (C4-Cg voi flavandiol -3,4) tao
thanh. Tan nin ngung tu khong bi phan gidi béi axit vo co cling nhu boi enzym.

2.3.3.2 Tinh chit chung cua cic hgp chit polyphenol



a) Phdn vng oxy hod khiwr

Dudi tc dung cua enzym polyphenoloxydase, cac polyphenol bi oxy hoa dé
tao thanh cac quinon, So d6 phan rng nhu hinh bén.

Ban than céac ortoquinon ciing 13 nhiing chéat oxyhoas. Néu c6 cac chat khir
khac nhu vitamin C, glucose, chiing s& ngung tu v6i nhau va s& oxy hoa cac chét d6
theo so dd sau:

b) Phan wng cong
Khi ¢6 mat cac axit amin thi cac ortoquinon dugc tao thanh sé& tién hanh
phan trng cong hop véi axit main:

Céc san pham duoc tao thanh cua phan tng cong lai co thé bi oxy hoa dé tao
nén cac ortoquinon tuong Ung.

¢) Phdn vrng ngung tu

Céc ortoquinon ciing dé dang ngung tu v6i nhau dé tao nén cac san pham co
mau goi chung la flobafen

Polyphenol + O, ortoquinon (1)
Ortoquinon + glucose — polyphenol + CO, + H,O (2)
n (ortoquinon) — flobafen 3)

Trong diéu kién ho hip binh thuong thi phan tng (1) va (2) chiém wu thé.
Trai lai, trong diéu kién san xudt thi phan tng (1) va (3) chiém wu thé.
2.3.3.3 Chirc ning cui cac polyphenol

Céc polyphenol c6 tac dung trc ché nam. Nguoi ta thuong dung phenol (axit
cacbovic) 1am chat khu trung cling vé1 y nghid d6. Thuc ra binh thuong & trong
thuc vat, tdc dung do thé hién tuong ddi yéu, nhung s€ tang 1énmot cach manh mé
trong qua trinh polyphenol bi oxy hoa bodi enzym. Tham chi, mét sé polyphenol véi
mot nong d6 nhat dinh c6 tac dung kich thich sy phat trién cua ky sinh trung, con
tac dung kim ham chi thé hién ra trong qua trinh oxy hoa chung béi enzym. Tuy
nhién, déng vai trd quan trong trong hién twong mién dich thyc vat nay khong phai
chi mdt minh polyphenol ma 1a hé polyphenol-polyphenoloxydase. Nguoi ta da
chirng minh réng trong nhiéu cay bi dap co hoc hay bi nhiém trung thi ham luong
polyphenol va hoat d6 polyphenoloxydase déu tang 1én. O chd mé bi dap nat bat
dau tao thanh hop chét polyphenol médi va kém theo su ngung tu oxy hoa trong 16p
bé mit. San phdm ngung tu tao thanh 16p bao vé.

Nhiéu polyphenol c¢é hoat tinh sinh t5 P, nghid 1a c¢6 kha ning 1am ting do
dan hoi va chuan hoa tinh thdm cua vi ti huyét quan. Trong s d6, catechin c6 hoat



tinh vitamin P cao hon ca. Can chu v réng, tat ca flavonoit co hoat tinh sinh hoc déu
bét budc phai c6 hai nhém ortohydroxyl , trong d6 hydro cua mot nhém cé thé duoc
thay thé bang gbc bat ky. Vong chinh 14 florogluxin, vong phu 1a pyrocatechic.

Polyphenol 13 nhiing chit chuyén hydro (electron) trong chudi hd hap binh
thuong dinh cu & ty thé. Ubichinon (coenzym Q) 1a mot trong nhirng chét nay.
Nhiéu polyphenol 13 nhitng chit chéng oxyho4, do d6 chung c6 tmg dung trong
cong nghiép thuc pham dé 1am bén chat béo. Hoat tinh chdng oxy hoa cua chung co
thé do:

- phenol tao phirc bén virng véi cac kim loai nang, do do6 lam mét tac dung
xuc tac cua chung.

- phenol 13 chét nhan cac gbe tu do tic 1a c6 kha ning dap tit cac qua trinh
tao ra géc tu do.
7.3.3.4 Enzym xtc tac phan ing oxy hoa phenol

Phan tng tao mau do enzym thuuong gém cac giai doan sau:

Su hydroxyl hoa cac monophenol va oxy hoa cac diphenol 1a hai “tdc dong”
khac nhau va tach biét nhau. Tuy nhién d6i khi cing mot enzym ciing c6 thé xuc tac
ca hai phan ung. Noi chung, cac enzym c6 ngudn gdc khac nhau s& cé ty sé hoat
luong hydroxyl hoat hoa luong oxy hoa ciing nhu ham luong Cu” va Cu®" khac
nhau.

Enzym xtic tac giai doan dau c6 tén 1a monophenolase hoic creosolase, con
enzym xuc tac giai doan hai c6 tén la polyphenolase hoac catecholase. Tén goi hé
thdng cua enzym dam trach giai doan oxy hoa 14 orthodiphenoloxy oxydoreductase
(E.C.1.10.3.1). O day oxy phan tir dong vai trd chét tiép nhan hydro.

Polyphenoloxydase 1a metaloenzym c6 chuéd khoang 0,2% Cu & tong phéan
tr. Chang han nhu polyphenoloxydase & 14 ché c6 khdi lugng phan tir bang 144 000
Da va c6 téi 7 mol dong/mol.

Phuong trinh phan tng oxy hoé cac diphenol véi polyphenol oxydase co thé
nhu sau:

Ta thdy phuong (7.1) tao ra polyphenol oxydase & dang khir (chua Cu") do
d6 c6 thé dua tac dong hydroxyl hoa monophenol vao phuong trinh tong dé cho day
du hon:

Nhu vay, theo (7.4), chinh diphenol c6 tac dung xuc tac sy hydrdyl hoa cac
monophenol.



Céac quinon tao ra do hau qua tac dung cua polyphenoloxydase ciing c6 thé
oxy hod céc chat co thé oxy hoa khir bé hon quinon:

Cac chat nhu vitamin C, NADH,, glutation dang khuw, xistein, cac
antoxianidol...c6 thé khir cac quinon thanh diphenol.

Nhu vay, polyphenol oxydase c6 thé oxy hoa dugc nhiéu co chat khac nhau:

Do d6, vé mit nay polyphenol oxydase ciing ¢ vai trd tuong ty nhu enzym
xitocromooxydase (ciing chua Cu) ¢ cudi chudi ho hip.

7.3.3.5 Co ché chung cui phan tng tao mau do enzym

Céc chat mau dugc tao thanh do phan tmg kéu nay thuuong c6 tén goi chung
12 melanin. Thyc ra thuat ngit melanin 1a phong theo tén goi cua mot san pham c6
mau do sy oxy hoa tyrozin bdi enzym tao ra. Cac chat mau cua phan tmg sim mau
enzym coOn co6 t€n nua la flobafen.

Noéi chung san pham cudi cung, thudng ¢6 mau niu, mau den hodc cac gam
mau trung gian nhu: héng, do, nau, xanh den, v.v.Phan tng tao thanh céc chit mau
duoc bat dau tir quinon va khong ¢ enzym tham gia.

Pau tién quinon phan mg v&i nude tao ra trihydroxybenzen, tiép do cac
trihydroxybenzen lai phan tng véi cic quinon khac dé hinh thanh ra cac
hydroxyquinon va cudi cung chinh cac hydroxyquinon nay lai 1a noi dé ngung tu
oxy hoa (& giai doan nay con tiéu thu oxy) dan dén tao thanh cac polyme theo so d6
O trén.

- Céc quinon ciing c¢6 thé tic dung v6i nhom SH va NH, cua protein, axit
amin va amin theo co ché sau:

Quinonimin la phtre giua quinon va axit amin thuong cé mau nau do. Khi tao
thanh phtic nay, axit amin két hop vdi cacbon & vi tri para cua mot trong hai nhom
quinon. Néu ca hai vi tri para caii caic nhom quinon déu bi thay thé thi axit amin s&
khong két hop vao va phitc quinon s& khong dugc tao thanh. Nhiéu thi nghiém da
ching té mau do duoc tao thanh mdt cach manh mé chi khi hop chét nito tham gia
vao phtc c¢6 chud nhom amin bat hai (prolin). Néu hop chét c6 nhém amin bac 1 thi
phurc tao thanh c6 mau doé da cam, it dam hon.



- Phire giud quinon va polypeptit hodc protein thi ¢6 mau nau. Chat mau nau
dugc tao thanh trong 14 thudc khi siy kho trong khong khi 1a mot phirc thude kicu
nay.

- Phirc quinoimin khong nhiing c6 tdc dung tao mau ma con c6 tac dung oxy
hoa lugng axit amin thira (khong cé enzym) tham gia, phan ly né dén amoniac va o-
xetoaxit hodc aldehyt tuong tng theo so dd sau:

7.3.3.7 Mot s6 bién phap phong ngira phan tng sim mau do enzym xiic tic

Phéan mg sdm mau do enzym xtc tac 1a phan ung rat thudng xay ra trong
qué trinh ché bién cac san pham thuuc pham co ngudn gde thuc vaajt nhu rau qua,
cac san pham dodod hop rau qué, cac san phim ché, thudc 14,v.v. CO nhié unhén t6
anh huong dén pahrnimg nay nhu cic nhén t6 sau:

- ndng d6 co chét phenol;

- ham luong va trjang thai cua polyphenoloxydase

- ndng do oxy;

- néng do quinon;

- pH v.v.

Trong thuc té dé nging ngua phan tng ngudi ta thuudng ahy dung nhuiin
gbién phap k¥ thuat tuong ung sau:

- Tranh dung dap gdy ton hai cac mo, dé renzym khong c6 diéu kién tiép xuc
v6i co chét tao mau;

- V6 hoat enzym polyphenol oxydase bang nhiét (chan, thanh tring) rat co
hiéu qua, nhung cé thé 1am thay doi tinh chat cim quan cud san pham do d6 khong
thé 4p dung cho moi trudng hop;

- Thém cac phu gia c6 tinh khur dé chuyén hoa qui non tahfnh phenol, do do6
cling lam cham hodc nging can sy sim mau. Nguoi ta hay dung vitamin C cho vao
cac nude qua va cdc san pham qua, cat 1at cling v6i muc dihe d6. Khi liéu luong
vitamin C cao (c6 thé tir 0,5-1% so voi khdi luong san phidm) enzym polyphenol
oxydase c6 thé bi vo hoat hoan toan trudc khi lwong vitamin nay bién hét trong moi
truong;

- Nhang ngap qua sau khi cat It hodc sau khi got vo vaod trong dung dicjh
nuéc mudi njhat, dung dich saccharose hoic dung dich glucose dé han ché oxy xam
nhap vao qua ciing nhu di ngan can qua hap thu oxy. Khi dudng xam nhap vao md
cong co tac dunng 1am qua chic lai do ting 4p suat thim thiu. No6i chung cac qua dé
& lanh dong thirong dugc bao ban gsi 16 (c6 thé ding mdt phan si 16 ¢6 ndn gdo 30 -



50% saccharose cho 3-7 phan qua). Trong trudng hop nay, duong vua co tac dung
nhu mot chit bao vé lanh vua chat giit hwong thom cho qua.

- Dung axit xitric lam giam pH dé 1am cham phan tng sim mau;

- Lay oxy trong cic md cua qua bang chan khog hage bang céc chat c6 kha
nang su rudjng oxy nhu axit ascorbic, hodc nhu enzym glucooxydase va catalase:

glucooxydase .

Glucose + O, — axit gluconic + H,0,
catalase

H202 — HQO + 1/2 02

Tuy nhién can tranh 1am yém khi cac mé thuc vat dé dam bao hoat dong sinh
Iy binh thudng cho chung. Can chi ¥ 1a viée khir oxy phai di kém ngay véi xtr 1y
bao quan va phai bao géi bang bao bi khong thdm oxy.

- SO, va bisulfit ciing c¢6 tac dung trc ché phan Gmg sdm mau do enzym xtic
tac. Hop chat nay chang nhiing c6 tac dung sat tring (nhung khong phai véi liéu
luong dung dé chéng phan ing sim mau) ma con c6 kha ning lién két voi cac nhom
carbonyl cua cac dudng ciing nhu phan tng véi cac quinon. Nhung c6 thé SO, tac
dung truc tiép dén polyphenol oxydase. Ngudi ta con nhan thiy rang axit ascorbic
va tiamin c6 thé lam giam liéu lugng bisulfit. SO, con c6 tac dung bao vé mau sic
tu nhién cho qua, dic biét 13 qua siy (chudi sdy).

Trong thuc té, v&i nhitng qua nham bao quan lanh dong, thi du tién ngudi ta
nhiing (ngdm) 45 gidy trong dung dich NaHSO5 0,25%, tiép d6 ngam 5 phut trong
mot dung dich K,HPO, 0,2%. Chinh K,HPO, 1a tac nhan lam gidm kha nang phan
ung cud polyphenol.

2.3.1 MOT SO CHAT MAU TU NHIEN VA TONG HQP DUNG TRONG

THUC PHAM

Trong thuc té, ngudi ta co thé dung cac chit mau ty nhién hodc téng hop dé
tao mau cho cac thyc pham dé lam ting gia tri cam quan cua ching. Cac chat mau
d6 va mau vang thuong dugc st dung nhiéu hon. Carotenoit 13 nhom chat mau tu
nhién dugc str dung nhiéu nhét.

CAu tric va cach s dung cua mot sb cac chat mau tu nhién va téng hop quan
trong trong thuc pham duoc trinh bay ¢ bang 7.2:



CHUONG III: CAC CHAT THOM

31 Y NGHIA CUA CAC CHAT THOM TRONG SAN XUAT THUC
PHAM

Ciing nhu mau sic, huong thom 1a mét tinh chat cam quan quan trong cua
thuc phém, vi chiing c6 nhiing tac dung sinh 1y rat ro rét. Chat thom c6 anh hudng
dén hé tuan hoan, dén nhip dap cud tim, dén ho hép, dén nhip thd, dén sy tiéu hoa,
dén thinh giac, thi gidc va ca xtic giac nita. Vi vy trong san xut thyc pham, nguoi
ta tim moi bién phap k¥ thuat dé bao vé nhitng chit thom tu nhién, mat khéc nguoi
ta con tim cach dé diéu khién cac phan ng tao ra nhirng hwong thom méi.

Thong thuong, ngudi ta thuc hién mdt trong ba bién phap sau dé tao cho san
pham c6 huwong thom:

- Chét thom vén dé bay hoi va thudng khong bén; vi vay nguoi ta ding cac
bién phap k¥ thuat va thiét bi phuc tap dé thu hoi cac chat thom da bi tac ra khoi san
phém trong quaé trinh gia nhiét (dun hodc c6 dic), tao diéu kién gilr chung lai, hép
thu tré lai vao thanh phém cac chét thom tu nhién vdn co trong nguyén li€u ban
dau;

- Chung cit va cd dic cac chat thom ty nhién tir cdc ngudn gidu chét thom,
sau d6 dung cac chat thom nay dé cho vao cac san pham thuc pham khac nhau;

- Téng hop cac chit thom nhan tao c¢6 mui thich img dé cho vao cac san
pham thyc pham.

3.2 Vainét vé mui

Trong hon hai triéu chét hitu co, thi 400.000 chét c6 mui nhiéu hoic it. Pa
s6 chat thom c6 mui dic trung riéng cua minh. Mui cua ching do nhirng nhom
nguyén tir dac biét goi 1a nhém mang mui quyét dinh. Tuy nhién néu ting sé6 nhom
mang mui tong mot phan tir 1én thi khong lam ting mui ma lai 1am yéu mui va doi
khi con 1am tit mui hoan toan.

Nhitng nhém mang mui co ban thuong la nguyén tr O, S, N, P, As, Se. Céc
nhom mang mui hiru co la:

=C-OH;

C6 thé taing manh haoc 1am yéu mui ndy bang mot mui khac, hodc cho mui
méi ma doi khi khong giéng va hoan toan bat ngd. Chang han, mui xa huong cua
trinitrobutyltoluen hoan toan mat di khi thém vao mét lwuowng nhd quinin sulfat la
chat v6n khong co mui.

Muli cua cao su, iot, long ndo va gd ba hwong khi phdi hop sé& triét tiéu 13n
nhau hoan toan. Mui cua vani dé trong lanh s& méat hoan toan qua mot vai phut,
nhung néu thém mot it cumarin thi hwong cua vani s& cam thay duoc rét lau.



Céc chat rat gidng nhau vé ciu tao va tinh chét c6 thé c6 mui khac nhau.
Chang han, cong thirc cua hai chat ho hang eugenol va dihydroxyeugenol chi khac
nhau ¢ mach bén.

Nhung eugenol 1 thanh phan chil yéu cud dau dinh hwong va ¢ mui dinh
huong manh, con dihydroxyeugenol lai hiu nhu khéng c6 mui.

Vanilin va izovanilin chi khac nhau & vi tri cua nhom thé. Nhung vanilin 13
huong liéu ndi tiéng nhat c6 mui dé chiu, con izovanilin chi bat dau c¢6 mui khi dun
sOi.

Nguoc lai, cic chat hoan toan khac nhau cé thé c6 mui gidng nhau. Chang
han, cong thirc cua xa huwong va cac chat thay thé né khong giéng nhau nhung lai
cho mui giéng nhau.

Doi khi mui con phu thude vao ndng do cua chat trong khong khi. Chang
han, mui cua ionon dam dic giéng ba hwong, nhung khi & trang thai loang thi ionon
lai ¢6 mui cay hoa tim.

Can thay rang, nhiéu hién tuong lién quan dén mui khong thé gii thich dugc
mot cach chic chin, vi chua c6 mot quan ni¢m déy du vé khiru giac lam viéc nhu
thé nao va tai sao mot chit nao do lai c6 mui.

3.2.1 Thuyét hoa hoc vé mui
3.2.2 Thuyét 1y hoc vé mui

3.3 Céc chat mui ty nhién
3.3.1 Tinh diu va nhya

Céac chat mui thuong gip trong tu nhién 1a tinh ddu va nhua. Tinh dau va
nhya thudc nhém hop chat izoprenoit, nghia 1a nhiing hop chat dugc coi nhu 14 dan
xudt cua izopren. Nhom hop chét izoprenoit bao gdm réat nhiéu chét: ngoai tinh dau
véa nhua, con co steroit, carotenoit va cao su. Cac chét thudc nhom izoprenoit cé dac
tinh chung la khong hoa tan trong nudc ma hoa tan trong cac dung moi hiru co.

Tinh dau va nhyua duoc tao thanh va thoat ra trong cac co quan dac biét cua
cdy: trong 16ng tuyén va vay dbi v6i tinh dau va trong éng nhya ddi véi nhya. Tinh
dau va nhua c6 huong thom nhét dinh quyét dinh mui cua nhiéu cdy, cua hoa va
qua.

V& ban chit hoa hoc, tinh dau (va nhya) thudng 14 mot hdn hop cac chuec
khac nhau: hydrocacbon, rugu, phenol, aldehyt, xeton, axit, este...Tuy nhién quan
trong va thuong gip hon ca trong hop phan tinh dau 13 terpen va cac dan xuat chua



oXy cua terpen.

Terpen 1a hydrocacbon mach thing hodc vong c6 cong thiuc chung Ia
(CioHi6)n-

n=1 ta c6 monoterpen

n=1,5 ta cd sesquiterpen

n=2 ta c6 diterpen

n=3 ta co triterpen

n=4 ta c6 tetraterpen

Céc dan xuét chira oxy cua terpen thuong 1a rugu, aldehyt, xeton v.v...
3.3.1.1 Monoterpen

Céc monoterpen thang tiéu biéu 1a myrcen, oxymen va cac dan xuat chua
oxy cua ching la linalol, geraniol, xitronelol, xitronelal va xitral.

Myrcen c6 trong mot loat tinh dau. Trong tinh diu cud hoa hupléng co 30-
50% myrcen.

Linalol, geraniol va xitronelol déu 1a ruou:

Linalol c6 trong hoa lan chudng, trong quit va trong cdy mui. Linalol dugc
dung trong huong pham, dudi nguyén dang hay dudi dang este axetat. Nguoi ta cho
rang huong thom cua dao 1a do cac este khac nhau cua formiat, valerianat cua
linalol quyét dinh.

Geraniol gdp trong ty nhién ¢ trang thai tu do cling nhu & dudi dang este.
Geraniol ¢6 trong tinh dau khuynh diép va cing véi xitronelol 1a thanh phan chu
yéu cua tinh dau hoa hong.

Xitronelol ¢6 trong tinh diu hoa hdng, phong lit va cac tinh dau khéc.
Xitronelol c6 mui hoa hong.

Xitral ¢6 chura trong tinh dau ho cam quyt va tong cac tinh dau khac. Xitral
tuong tac voi axeton tao thanh ionon 13 hop chét vong co trong thanh phan cua phan
tlr caroten. Ionon va dong phan cud né 1a iron c6 (mg dung rong rii trong cong
nghiép huwong pham. Xitral 1a hdn hop cua hai dong phan hinh hoc: dang cis goi 1a
dang a va dang trans hay la dang b.

Xitronelal gap trong tu nhién dudi dang hai d6i quang.

Monoterpen don vong phd bién va quan trong hon ca 1a limonen va cac dan
xuét chué oxy cua né 13 menton, piperitenon, piperiton va carvon, v.v...

Limonen c6 trong nhya, thong, trong tinh dau cam, chanh va thi la:



Piperitenon, piperiton, pulegon, menton va mentol hop thanh nhém menton
c6 trong tinh dau bac ha.

Piperitenon 1a chat khong hoat quang do khong c6 tam bat d6i xtmg. Menton
c6 hai tAm bat dbi xting va mentol c6 3 tim bat d6i. Mdi lién quan twong hd vé co
c4u gitra limonen va cac dan xudt chtra oxy cua n6 co thé biéu dién bang so d6 nhu
hinh bén:

Trong s cac monoterpen hai vong c6 pinen va camphen chua trong tinh dau
chanh va dan xuit oxy cua chiing 14 borneol va camphor.

Phén tir pinen 1a to hop vong sau canh va bon canh gom hai déng phan a- va
B-pinen. Pinen 13 hop phan cud nhiéu tinh du va 1a cau tir chi yéu cua dau thong.
N6 cho dau théng mfui dac trung, d& dang bo oxy hoa trong khong khi chuyén
thanh san pham dang nhya.

Camphen c6 cdu tao ddi xing va gdm hai vong nam canh. Camphen c6 chira
trong tinh dau chanh, tinh dau loai lavang, tinh dau ho hoa trac bach, tinh dau linh
sam va trong nhiéu tinh dau khac.

Borneol 1a rugu bac 2 c6 chta trong tinh dau long nao, lavang, ho
Rosmarinus. Borneol & thé ran. Khi oxy hod borneol thi tao thanh camphor.
Camphor c6 trong tinh dau cua nhiéu thiao moc.

Ciing nhu borneol, camphor ¢ thé ran. Camphor c6 trong gd va 14 cdy long
ndo. Camphor dugc ung dung rong rai trong y hoc lam chét kich thich hoat dong
cua tim. Trong cong nghiép hoa hoc, camphor ding dé ché tao xenluloit va thube nd
khong khoi.
3.3.1.2 Sesquiterpen

Sesquiterpen c6 thé xem nhu hop chit do ba don vi izopren tao nén, c6 cong
thirc chung 1a CsH,4. Sesquiterpen ciling chia ra mach théng va mach vong. Da sb
sesquiterpen 12 hop chat don vong hodc da vong. Nhitng sesquiterpen thang va vong
tiéu biéu 1a farnezen, xinhiberen, humulen, cardinen va a-xantalen. Trong do, dac
biét 1a xinhiberen c6 nhiéu trong tinh dau girng, humulen c6 trong tinh dau huplong.

Trong s6 dan xuat chud oxy cud sesquiterpen cd farnezol, nerolidol,
xantonin.

Farnezol rat pho bién trong ty nhién. Farnezol co trong tinh dau cam, chanh,
hoa hong va trong mét so tinh dau khac.

Nerolidol ¢é trong tinh dau cua hoa cam va trong nhua thom Péru. Nerolidol



c6 tmg dung quan trong trong k¥ nghé nuéc hoa véi danh nghii 1a chét ¢b dinh mui,
nghia 12 chat c6 kha ning lam giam dugc do bay hoi cud chat c6 nhiét do soi thap va
dé dang bay hoi khi tron voi nd. Cac chit ¢ dinh mui c6 mui thom tuong tu nhu
nerolidol dugc coi 1a quy.

Xantonin ¢6 trong ho thau dau. Xantonin dugc dung rong rii 1am thudc tay
giun san. Khi hoa tan trong kiém, xantonin tao thanh mudi cua axit xantonic. Khi
axit hod moi truong thi lai duwge xantonin.

3.3.1.3 Diterpen

Diterpen c6 cong thirc chung 1a C,Hs,. Trong ty nhién, diterpen bao gom
mot s6 hop chit khong 16n. Diterpen hoan toan khong bi bay hoi cing véi hoi nude.
Pac biét phé bién rong rai trong cac nhya la axit nhya.

Khi chich mét chd ¢ trén vo thong thi s& cho thong tiét ra mot thir nhya ma
néu chung cit hoi nudc thi s& dugc phan bay hoi va phan khong bay hoi. Khi lam
ngudi phan khong bay hoi, ta s& dugc mot thé thuy tinh mau nau goi 1a canifol.
Phan bay hoi cua dau thong cha yéu 1a pinen. Con cafinol chinh 14 hdn hop phirc
tap céc axit, c6 cong thirc chung 1a CoH,gCOOH va ¢6 tén chung la axit nhya.

Axit abietic 1a chat tiéu biéu cua axit nhwa chiém phan chinh trong canifol.

So véi cac axit nhyua khéc, axit abietic tuong doi bén virng, mac du né rat dé
dang bi oxy hoda trong khong khi. Tuy nhién trong nhua “nguyén thuy” axit abietic
chi chiém mét lwong rat nho. Trong qua trinh hinh thanh nén canifol, axit abietic
méi duoc tao nén tir mot loat cac chét tién than linh dong khac c6 tén goi chung la
galipot. Axit levopimaric nam trong galipot d6. Khi gia nhiét ciing nhu dudi tac
dung cua axit, axit levopimaric chuyén thanh axit abietic. Axit levopimaric khac véi
axit abietic vé vi tri cud ndi déi.
3.3.1.4 Triterpen

Triterpen thuong gép trong thuc vat dudi dang ét, glucozit hodc ¢ trang thai
tu do. Tiéu biéu cho triterpen 1a squalen. Squalen c6 trong chit béo cua gan ca map,
cling nhu trong cac ca khac.

Mot triterpen khac da dugc biét tir lau 1a axit masticadienic. Axit nay dugc
dung dé lam son bong.

Tinh chit chung cud tinh diu

N6i chung, tinh dau hoa tan rét it & trong nudc va hoa tan nhiéu trong ruou
dam dic. Do hoa tan cué hai chat long cang nhiéu khi do c6 cuc cua phan tr chiing
cang 16n. Khi dau tich dién dwong cud mot phén tir ndy ¢ gan dau tich dién 4m cua
phan tir kia thi chiing s& hut 13n nhau va din dén lién hop céc phan tir. D6 hoa tan
tuong hd cang duoc ting manh khi hang sé dién moi cang gan nhau va cac yéu to



lién hop cua chat d6 cang gan nhau. Ruou etylic 1a dung mdi c6 cyc manh vi hang
sb6 dién moi cua né rat 16n (e=27). Do c¢b cuc manh nén nd cé thé hoa tan trong
nude theo tit ca cac ty 1¢ va c6 kha nang hoa tan dugc nhiéu chat hiru co trong d6
c6 cac cAu tir cia tinh dau.

Duéi tac dung cua oxy, mot phan tinh dau chu yéu 14 cac hop chéat khong no bi oxy
hoé va cho mui nhya.

Noéi chung mui thom cua tinh dau 1a do este, phenol, aldehyt, xeton va nhung hop
chat hiru co khac quyét dinh. Téng lugng cua nhitng chat nay thudng chi chiém dén
10% luong tinh dau, 90% con lai 14 nhiing chat dém. Sesquiterpen 1a chat 6n dinh
(chét dém) do.

Cic chit thom hinh thanh nén trong qua trinh gia cong ky thuat

Nhu ching ta déu biét, sau cac qua trinh gia cong ky thuat, khong nhiing
trang thai, mau sdc ma huong vi cud céc san phém thuc phém cling bi thay ddi. Co
nhitng nguyén liéu hay ban thianh pham qua nhiing qué trinh gia cong ky thuat nao
d6 (chang han gia nhiét) thi mui thom bi yéu di hodc mét di hoan toan. Nguoc lai,
cling c6 khong it trudng hop, cac san pham sau khi qua mot s6 gia cong ki thuat
nao do6 thi huong thom cud ching lai manh thém, hodc tham chi san phém tr chd
khong c6 mui chuyén sang c6 mui thom hoan toan méi.

Nghién ctru nhirng chat thom méi dugc tin tao ra trong cac qua trinh gia
cong k¥ thuat cua nhiéu san pham thyc pham, ngudi ta thdy rang ching thuong la
nhiing hop chéat c6 nhom carbonyl. Vi 18 khi cho nhitng chat lién két duoc véi nhom
aldehyt nhu dimeon, natri sulfit...vao cac san phdm d6 déu din dén lam tat mui.

Vay thi tir nhitng hop chét “nguyén thuy” nao va bang con dudng nao dé tan
tao nén duogc nhimg cdu tir aldehyt nay?

3.4.1 Phan g Maillard 12 nguén tao ra aldehyt

Trong qua trinh gia nhiét, cac axit amin tuong tdc véi duong va tao thanh cac
aldehyt va reducton.

Ban than cac furfurol va oxymetylfurfurol cling la nhiing aldehyt vong cé
mui ddc trung.

Furfurol c6 mui tdo va do dudong pentose tao thanh. Oxymetylfurfurol c6 mui
that dé chiu va dugc tao thanh tir duong hexose.

Hai furfurol nay cé thé dugc tao thanh do twong tac cua dudng véi axit amin
qué phtrc hop trung gian 1-amin, 1-ketose. Tuy nhién chung ciing c6 thé dugc tao
nén bang con dudng dehydrat hoa cac duong.

Ngoai furfurol va oxymetylfurfurol, cac aldehyt khic co thé dugc tan tao do
tuong tac cua axit amin véi furfurol hodc véi cac reducton theo so dd phan tng sau:



Véi reducton thi so d6 phan tng tong quéat nhu sau:

Tir so d6 phan ung ta thiy cac aldehyt R,CH=0 duoc tin tao ra c6 mach
cacbon ng'fln hon axit amin nguyén thuy moét cacbon. Céc aldehyt nay do ban chét
cdc axit amin nguyén thuy quyét dinh. Nhu vay cling c¢6 nghia 1a huong thom cua
cac ban thanh phim hay thanh pham 1a do c4c axit amin quyét dinh.

Thyc nghiém cho thdy rang tir loxin s& cho aldehyt c6 mui thom cua banh
mi, tir glyxin s€ cho aldehyt c6 mui mat va mui thom bia, tir valin va phenylalanin
s& cho aldehyt c6 mui thom diu cua hoa hong v.v.

3.4.2 Phan vwng quinonamin la nguﬁn tan tao ra cac aldehyt

Céc aldehyt con dugc tan tao nén do twong tac cud axit amin véi polyphenol
khi ¢6 sy xuc tac cua enzym polyphenoloxydase hodc trong diéu kién nhiét do cao.
So d6 phan tmg nhu trong hinh 3.2. Tir ddy chung ta thay aldehyt dugc tan tao nén
c6 mach cacbon bé hon mach cacbon cud axit amin nguyén thuy m{t nguyén tur
cacbon. Nhu vay, trong truong hop nady axit amin cling dong vai tro quan trong
trong viéc tao ra hwong méi cua san pham.

Trong thuc té, khi ché bién nhiét, cac ban thanh phém ché chua duoc 1én
men, ngudi ta nhan thiy rang ham luong cac axit amin nhu alanin, phenylalanin,
valin, loxin, izoloxin bi gidm di, trong khi d6 ham lugng cac aldehyt: axetaldehyt,
phenylaxetic, butyric va valerianic tang 1én mdt cach tuong tng.

Trong diéu kién khong gia nhiét, nhung c6 sy xic tic cua enzym
polyphenoloxydase, phan ung ndy ciing xdy ra mot cach dé dang. D6 1a trudng hop
khi 1én men céac 1a ché da qua gia doan vo.

3.4.3 Twong tac giwd axit amin va axit ascorbic 13 ngudn tin tao cac aldehyt

Nguoi ta con nhan thay rang, cac aldehyt co thé duoc hinh thanh nén do
tuong tac cud axit amin vdi axit ascorbic khi c6 mét catechin (polyphenol), ion Cu*
hodc khi gia nhiét &én 80-90 °C. O day rd rang ciing 13 phan tng oxy hoa — deamin
hod céc axit amin. Chuing ta déu biét, dudi tac dung cua Cu*’, nhiét do...axit
ascorbic bi oxy hod dén axit dehydroascorbic. Axit dehydroascorbic ciing 1a mot
reducton, do d6 c6 thé twong tac véi cac axit amin dé tan tao ra cac aldehyt khac
nhau:

Phéan ng Maillard c6 vai tro rat quan trong trong san xuit banh mi va san
xuit bia. Cac bién phap k¥ thudt tuong tng khi nudng banh mi ciing nhu khi say
malt déu nham tao ra huwong thom dic trung cho nhimng san pham dé.

Chéng han, huong thom cua banh mi dugc tan tao nén sau khi nuwéng 1a mét



hdn hop gdm 70 cau tir thom, trong d6 quan trong 1a furfurol, oxymetylfurfurol va
aldehyt valerianic.

Trong san xuat ché thi phan @mg quinonamin lai ddc biét quan trong. Nguoi
ta thay rang mui thom c6 thé dugc tan tao & trong giai doan 1am héo va 1 (1én men).
Nhung mui thom déc trung cud céc san phém che thi duogc tan tao & trong giai doan
sdy. Chang han, trong san phdm ché nguoi ta dd tim thay 34 ciu tir thom khac nhau,
trong do co aldehyt phenylaxetic, aldehyt izovalerianic, geraniol, rugu benzylic...

Ciac chat thom tong hop

Mot sb chat thom tong hop sau dy thuong dugc dung dé tao huong thom
cho céc san pham thyc pham:

3.5Céc hinh thom (t6 hop thom)
3.5.1Su tao ra hinh thom

Mot hdn hop cac cu tir twong tac hai hoa véi nhau qua d6 mui cua cac cu
tr don thé bi bién d6i di dé tan tao ra mot mui thom nhét dinh, gay cho khitu giac
mot cam gidc dé chiu got la mot hinh thom.

Trong mdt hinh thom, ham luong va vai tro cua cac cdu tor khong gibng
nhau. C6 nhiing cu tir can c6 mat véi mot lwong nhiéu nhung ciing ¢6 cau tir thim
chi chi can ¢ dang vét. C6 nhimng cdu tir co vai trd quyét dinh huong thom chii yéu
cua hinh thom goi 13 “chat nén thom”. Chit nén thom trong mot hinh thom c6 thé 1a
mot cau tr thom don thé (vi dy, ionon cho mui hoa tim) hodc 13 hdn hop cua mot sb
chat thom don thé hodc 1a t6 hop mot vai mui don gian. Cé nhirng ciu tir thuong
v6i luong rat nho nhung cé tac dung lam ting hay giam huong, lam cho hinh thom
dugc hoa hop hoan toan, nghia la tao ra sy hai hoa cho hinh thom. Nhiing chét nay
thuong 1a indol, scatol, metylheptylxetol, phenyletylaxetat...Ngoai ra lai c6 ciu tir
dong vai tro chat dinh huong tao kha ning giit dwoc mui thom cua hinh thom. Chat
dinh huong thuong la cac nhua va bazam (nhua benzoic, styrat), mus va xibec
(dong vat, tinh dau tuyét déi, cic cht hitu co két tinh (vanin, mus nhan tao), cac
chat tong hop (dietylphtalat, benzylbenzoat...). Cac chat dinh hwong dang nhya lam
cho dung dich c6 dd nhot cao. Chung lai 1a hé keo phan tan nén c6 kha ning hép thu
ning luong, khién cho su di chuyén cua dung méi va cac chit dé bay hoi 1én bé
mitj cua dung dicjh bi can tr¢ vi khong du nang lugng dé thang ma sat noi tai. Con
nhiing chat dinh huong dang tinh thé c6 kha nang hap thu mot lugng 16n chat thom
dé bay hoi 1én bé mat mang tinh thé. Nhu vay, chung quy chit dinh huong c6 tac
dung 1am thay doi ap xuét riéng cua hdn hop va diéu chinh su bay hoi cua cac cu
tur.

Chang han hinh thom cua hoa nhai gdm 15 c4u tir khac nhau.



3.5.2 Cac twong tac tao ra hinh thom

Trong qua trinh phdi hop cac cau tir dé tan tao ra hinh thom, cac tuong tac 1y
hoc hodc hoa hoc c6 vai tro quan trong.

Tuong tac 1y hoc gay ra hién tuong tao cin va lang xudng.

Tuong tac hoa hoc xay ra gitta cac cau tir thom véi dung moi va gitra cac cau
tr thom voi nhau...Cac twong tac hod hoc d6 c6 thé biéu dién dudi dang nhiing
phéan rng sau.
3.5.2.1 Phan tng cua dung mdi v6i cdu tir thom

Dung méi thudng 13 rugu, nén cé thé phan tng voi aldehyt, xeton va este.

Vi du:

3.5.2.2 Phan ung oxy hoa
Phan Ung oxy hoa rat quan trong c6 anh huong dén chat luong cua hinh
thom.

Chang han do phan ung oxy hoa xitral va aldehytdexylic ma mui cud tinh
dau chanh bi thay d6i va do nhdt tang 1én do axit tao thanh xuc tic cho qué trinh
polyme hoa céc terpen va sesquiterpen.

Céc aldehyt ciing c¢6 thé oxy hod khtr dudi tic dung cua vét kiém dé tao ra
este:

C6 trudng hop phan tmg oxy hoa c6 anh huong t6t dén huong:

3.5.2.3 Phan ing ngung tu

Xay ra khi trong hinh thom c6 céc chét chira cac nhom dinh chtre khac nhau
(hodc cung chira nhom dinh chirc c6 kha ndng phan tng)

3.5.2.4 Phan tng chuyén este:

Qua trinh tan tao ra mot hinh thom c6 thé chia thanh ba giai doan:

- Giai doan dau hay giai doan “tudi tré”, lac nay mui cud hinh thom chua
hoan chinh, cuong do va sic thai kém, mui khong chinh xac;

- Giai doan “phat trié”, lac nay mui cua hinh thom da hoan chinh, on dinh va
cuc dai, hoan toan dep dg;



- Giai doan “gia”, & giai doan ndy mui vi giam va xau di.

Trong thuc té, dua vao kinh nghiém nguoi ta da tao ra dugc nhiing hinh
thom thich mg dung cho nudc hoa, phan sap, xa phong thom va thyc pham. Dic
biét, cac hinh thom dung cho thuc pham (keo, banh, nudc giai khat...) doi hoi cac
cAu tir phai c¢6 do tinh khiét cao.
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