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Pectin Methylesterase cho ché bién trai cidy va diéu chinh
pectin
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Pectin methylesterase (PME) 1a enzyme bién d6i pectin bang cach loai b6 nhém methyl
ester trén mach homogalacturonan, tao pectin c6 nhiéu nhém carboxyl tw do hon va dé twong
tac vai calcium. Trong kng dung B2B, PME dwoc quan tdm nhat & cac quy trinh diéu chinh
ciu triuc mo trai ciy - rau ct, kiém soat gel pectin, xtr Iy nguyén liéu giau pectin va quan ly do

6n dinh ctia san pham nwéc qua M,

PME khong nén dugc hi€u don gian 1a “enzyme phd pectin”. Diém manh clia enzyme nay nam & kha

nang thay doi trang thai héa hoc ctia pectin trudc khi pectin tao gel, két tua, gitt nwéc, 6n dinh

huyén phu hodc dwoc cac enzyme pectinase khac xir 1y tiép 21,
Pectin methylesterase la gi?

Pectin methylesterase, thuwdrng viét tat 1a PME va doi khi duoc goi la pectinesterase, 1a enzyme tac
dong lén pectin — nhém polysaccharide giau acid galacturonic trong thanh t€ bao thwc vat. Thay vi cat

mach polymer nhw polygalacturonase hodc lyase, PME chu yéu thiy phan lién két methyl ester trén

pectin, lam giam mirc 40 methyl ester héa va tao pectin khir methyl ester 1,

Trong mé thuc vat, pectin gop phan quyét dinh do bam dinh gitra t€ bao, tinh dan hoi cia thanh t€ bao
va kha nang giltt nwéc cia mo qua. Khi PME lam 16 thém nhém carboxyl trén pectin, dién tich am ctaa
mach pectin ting lén; diéu nay lam thay doi cach pectin twong tac véi ion dwong, protein, nwéc va cac

polysaccharide khac trong thanh t& bao [,

Y nghia cdng nghiép ctia PME dén tir sw chuyén d6i “nhé nhung c6 hé qua 16n” nay. Mot nguyén lidu
giau pectin c6 thé chuyén tir trang thai nhét, 6n dinh huyén phi hoic khé loc sang trang thai dé tao
mang ion, dé két tu, dé bi enzyme khdc ti€p tuc phan gidi hodc cé két cAu md khac biét, tiy diéu kién

quy trinh va muc tiéu san pham [51,
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Co ché hoat ddong: PME lam gi v&i pectin?

Tir pectin methyl ester héa dén pectin khir methyl ester

Pectin trong thanh té bao va nguyén liéu trai ciy thuwdrng cé cac doan homogalacturonan chira nhém
methyl ester. PME xuc tic qua trinh khi ester, chuyén mét phan cic nhém nay thanh nhém carboxyl tw
do; do do pectin sau xt ly c6 mat do dién tich cao hon va phan &ng khac véi moi treong ion xung

quanh [©],

Figure 1. Pectin methylesterase removes methyl ester groups from pectin,
generating low-methoxyl pectin regions that can form calcium-mediated gels.

Khi nhiéu nhém carboxyl ndm gin nhau trén chudi pectin, ching cé thé lién két v&i calcium dé tao ving
lién két ion thworng dwoc md td bang mé hinh “egg-box”. Co ché nay dic biét quan trong trong cac hé

can ting do chic mo hodc tao gel pectin ham lwgng methyl ester thap, vi calcium cé thé “bac ciu” gitra

cac chudi pectin da khir methyl ester 11,

Tuy nhién, cing mét co ché c6 thé tao két qua trai ngwoc trong d6 uéng trai cdy. Néu san phim cin giir
dd duc tw nhién, qua trinh PME noi sinh lam pectin khir methyl ester roi twong tac v&i calcium cé thé

dan dén két tu pectin, gidm kha ning gitt huyén phu va gay mat 6n dinh cloud trong bao quan 1.

Vi sao PME khac véi “pectinase” néi chung?

Trong thwc té thwong mai, thuit ngir pectinase thwong dwoc dung rong cho nhiéu enzyme xt ly pectin.
PME chi 1a mot thanh phén trong nhém dé: enzyme nay khéng chu yéu cat ngan mach pectin, ma

chuén bi hodc bién ddi co chit bang cach thay ddi trang thai methyl ester cta pectin 2],
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biéu nay tao ra sy khac biét quan trong khi chon hwéng rng dung. Néu muc tiéu 1a gidm nhét manh,
pha v pectin dé€ 1am trong nwéc qua hoic tao oligosaccharide tir pectin, quy trinh thwong cin cac
enzyme cat mach bé sung; con néu muc tiéu 1a diéu chinh kha nang tao gel v&i calcium hodc thay déi

két cAu md, PME c6 thé dong vai tro trung tam hon 121,
Vi sao pectin methylesterase quan trong trong ché bién thwc vat?

Pectin la thanh phan ciu tric c6 gia tri trong trai ciy, rau ci va phu phim néng nghiép. Cac nghién ciru
vé khai thac pectin ttr phu phdm nong - cong nghiép cho thiy pectin khong chi la “chit gdy nhét” ma
con la nguyén liéu chirc ndng cho thwc pham, vat liéu sinh hoc va hé gel, vi dic tinh lwu bién va kha

ning tao mang ciia né 1,

Figure 2. Industrial PME processing converts native pectin in fruit materials into
controlled low-methoxyl pectin functionality for texture, clarification, and gel
formation.

Trong ché bién, pectin cé thé vira 1a loi thé vira 1a rao can. N6 gidp tao do sét, gitr nwdrc va 6n dinh ciu
tric, nhwng cling c6 thé 1am ting dd nhét qua mie, can loc, gy duc khéng mong mudn hodc lam thay
doi két cau trong thoi gian lwu kho. PME la céng cu dé dich chuyén trang thai ctia pectin thay vi loai bo

hoan toan pectin khéi hé 1,

DPi€ém cin nhidn manh 1a PME khong c6 mdt “hiéu &rng t6t” ¢6 dinh cho moi sdn phdm. Trong mot san
pham trai ciy cit, PME phdi hop véi calcium co thé gitip ting dd chic; trong mot loai nwéc qua gitr duc,

cung hoat tinh PME d6 lai cé thé 1a nguyén nhan cin bat hoat dé duy tri cloud stability 51,
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Bang so sanh: PME trong cac muc tiéu &rng dung khac nhau
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Mbt trong nhitng hwdng rng dung dé hiéu nhat ctia pectin methylesterase 1a diéu chinh ciu tric mé

thwc vat. Khi PME tao thém nhom carboxyl trén pectin, calcium cé thé lién két cac chudi pectin lai v&ri

nhau, hinh thanh mang ion gitp cing ¢ middle lamella va thanh t& bao trong diéu kién phu hop .
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Co ché nay phu hop véi cac quy trinh xit ly trai ciy cit, rau cl so ché, topping trai ciy, nhan trai cay
hodc nguyén liéu cin han ché mém héa trong vin chuyén va bdo quan. Tuy nhién, hiéu qua khong chi
phu thudc vao enzyme ma con phu thudc ciu triic mo, mirc pectin ban dau, do chin, lwgng calcium san

c6 va lich st xt Iy nhiét - co hoc ctia nguyén liéu 41,

Nghién ctru vé sdy chan khong xung trén tdo tau cho thiy két ciu sdn pham kho c6 lién quan dén

pectin methyl ester thip va ciu tric egg-box qua Ca®*. Du diy khong phai la m6 hinh cho moi loai tréi

cay, n6 minh hoa ré méi lién hé gitta mttc methyl ester héa ctia pectin, calcium va dic tinh texture 11,

Figure 3. Pectin methylesterase is used in fruit processing, low-methoxyl pectin
production, texture firming, juice treatment, and calcium-set food gels.

Trong cac nguyén liéu dé niu hoa hodc dé suy thodi thanh t&€ bao, PME cling caAn dwoc dit trong bdi
canh tong thé cia hé enzyme thanh té€ bao. Nghién cru trén nho Munage cho thiy qua trinh suy thoai
thanh t€ bao lién quan dén bién ddi mo va hién twong nau hoa cudng, nhan manh rang ciu truc pectin

chi 1a mot phan trong mang phan ng sau thu hoach phtrc tap 41,
Ung dung 2: Nwd'c qua — lam trong hay giit duc?

Trong nwéc qua, pectin anh hwdng truc ti€p dén dé nhét, kha nang loc, d6 duc va cadm giac miéng. Voi
mot s6 quy trinh 1am trong, bién ddi pectin cé thé giip gidm can tré do polymer pectin giy ra, dic biét

khi PME dwoc ding nhw mot phin ciia hé pectinolytic phdi hop 2,

Nguwoc lai, véi nwéc qua can gitr cloud tw nhién nhw nwéc cam, quyt hodc mot sé d6 udng trai ciy duc,
PME noi sinh thudng 1a enzyme can kiém soat. Khi PME lam pectin khir methyl ester, pectin dé twong

tac véi calcium hon, tir d6 c6 thé tao két tu va lang, lam gidm do 6n dinh duc trong bao quan [,
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Cac nghién ctru vé bat hoat PME trong nén nwéc qua cho thiy nganh thwe phdm quan tim lén dén viéc
kiém soat enzyme nay. Thermo-sonication dwgc nghién ctru cho nwéc quyt Nagpur véi trong tim la bat
hoat PME va cai thién cloud stability, con ultrasound cling dwgc khado sat trong nwéc jabuticaba cung

v&i bién ddi phenolic, hop chat bay hoi va cac enzyme giy bién do6i chit lwgng khac [[14], [16]].

Cac cong nghé khong nhiét hodc nhiét nhe nhw CO, ap suit cao, ap suit cao két hop nhiét va siéu dm
dwoc nghién ctru vi PME c6 thé con hoat tinh sau x{ ly thong thwong hodc dnh hwdng dén chat lvgng
trong bao quan. Piéu nay cho thiy v&i d6 uéng, cau hoi ky thuat khong phai lic nao ciing 1a “c6 nén bé

sung PME khéng”, ma thuong 1 “can kiém soat hoat tinh PME & mitc nao cho muc tiéu san pham” 1.

‘ !
W

Figure 4. Compared with harsher chemical or thermal pectin modification, PME

enables milder and more selective control of pectin demethylation and calcium
gelation.

Ung dung 3: Bién tinh pectin va phat trién hé gel

PME la c6ng cu hiru ich trong bién tinh pectin vi né thay déi phan bé nhém carboxyl ma khéng nhit
thiét phd v mach polymer. V&i pectin c6 mirc methyl ester thidp hon, khd ndng tao mang véi calcium
ting, m& ra hwdng phat trién gel, cAu tric ban ran hodc hé gitr nuwdc c6 tinh chit khac so véi pectin

methyl ester héa cao ',

Trong cong thirc thwe phdm, sw khac nhau giira pectin methyl ester cao va thip anh hwdng dén diéu
kién tao gel, d6 dan hoi, khd nang gitr nwérc va do 6n dinh cta ciu tric. Cac nghién ctru vé khai thac
pectin tir phu phdm néng nghiép nhin manh rang gia tri cia pectin nam & kha niang tao ciu tric va

chitc ning, khong chi & vai tro phu gia lam dic 7],
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PME c6 thé dwoc dung nhu mot bwéc diéu chinh trudc khi phdi hop véi calcium hodc cac thanh phian
tao ciu triuc khac. Tuy vay, phan rng cin dwoc kiém soat & cdp do quy trinh vi pectin khir methyl ester
qua nhiéu hodc phan bé nhém carboxyl khong phit hop c6 thé dan dén gel héa sé'm, két tu hodc thay

d6i cdm quan ngoai du kién 11,
Ung dung 4: HO6 tro hé enzyme pectinase va tao pectin-derived oligosaccharides

Trong xtt ly phu pham thwe vat, pectin c6 thé dwoc chuyén hdéa thanh pectin-derived oligosaccharides
(POS), nhém oligosaccharide dang dwoc quan tAm vi tiém nang chirc ndng sinh hoc va tién sinh hoc.
Nghién ctru vé hé enzyme pectinolytic ttr nAm cho thay pomelo albedo c6 thé 1a nguén co chat dé tao

POS chudi dai va chudi ngin 2],

Trong cac hé nhw viy, PME thwong khong phai enzyme duy nhat. Vai tro hop ly cia PME 1a lam thay ddi

mirc methyl ester hda, qua d6 dnh huwdng dén kha ning cac enzyme khac nhan dién, cit mach hoic giai

phéng phan doan pectin mong muén 2],

U'ng dung nay dic biét lién quan dén xu hwéng khai thac phu phdm rau qua. Cac téng quan gan day vé
phu phdm thwc vat va khai thac pectin tir phu phdm néng - cong nghiép cho thiy vo, b3, 16i va phan
khong an dwoc cia nguyén liéu thwe vat cé thé chira polysaccharide, chit xo va hop chit chirc nang cé

gia tri, néu dwoc xt Iy bang cong nghé phu hop &,

Pectin Methylesterase — relative activity vs pH

100 Optimum pH 4.5-5.5

80 A
optimum plateau
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Illustrative profile modelled from the stated optimum range; not measured assay data.

Figure 5. Relative activity of Pectin Methylesterase as a function of pH, showing the

optimum plateau at pH 4.5-5.5.
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Nguén enzyme va khac biét ky thuit can lwu y

PME c6 thé c¢6 nguodn goc tir thwe vat hodc vi sinh vat. Cac nghién ctru vé biéu hién PME tir vi khuin
Pectobacterium chrysanthemi trong Pichia pastoris va tdng hop PME tir Aspergillus niger trong 1én
men chim cho thdy enzyme nay c6 thé dwoc tao ra bing nhiéu hé sinh hoc khac nhau, mdi hé c6 dic

diém protein va b6i canh rng dung riéng [[13], [21]].

Sw khac biét nguén enzyme c6 thé dnh hwdng dén pH hoat dong wu tién, dd bén nhiét, ki€u tac dong
trén mach pectin va mtrc @6 phtt hop véi nén nguyén liéu. O’ cip dd ng dung, ditu quan trong khong
phai chila tén enzyme “pectin methylesterase”, ma la cdch enzyme dé twong tac véi loai pectin cu thé

trong nguyén liéu 101,

Trong trai cdy va rau ci, PME ndi sinh ciing ton tai sdn trong md. Vi vay, khi xir Iy mdt nguyén liéu thuc
vat, tong hiéu rng c6 thé dén tir ca PME b6 sung va PME ban dia, cing véi cdc enzyme thanh té bao

khac nhw polygalacturonase, peroxidase hoic enzyme oxy héa lién quan dén mau va hwong [,
Diéu kién quy trinh anh huéng dén két qua nhu thé nao?

PME la protein xtc tic nén nhay v&i moi trueorng phan &ng. pH, nhiét do, thoi gian tiép xtc, dé am, loai

pectin, mirc methyl ester h6a ban dau, ham lwgng calcium va sw c6 mét cia cac chit hoa tan déu cé thé

1am thay d6i két qua cudi cung 91,

Trong nén puree hodc nwéc qua, do bén cua PME 1a vin dé duoc nghién clru nhiéu vi enzyme con sét
lai c6 thé tiép tuc bién doi pectin sau khi san phdm da dwoc xtr ly. Nghién ctru mé hinh héa bit hoat

PME trong puree dira dudi xtr ly ap suat cao két hop nhiét cho thay cAn xem enzyme nay nhw mét bién

s& chat lwong quan trong, khong chi la thanh phan phu trong nén trai cay [*2],
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Pectin Methylesterase — relative activity vs temperature

100 Optimum 45-55 °C

80 A

thermal denaturatiol

60 -
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Temperature (°C)

Illustrative profile modelled from the stated optimum range; not measured assay data.

Figure 6. Relative activity of Pectin Methylesterase as a function of temperature,
with the optimum at 45-55 °C and a characteristic thermal-denaturation fall-off
above the optimum.

Tai liéu vé cac ché pham trai ciy cong nghiép da xtr ly nhiét cling ghi nhin hoat tinh PME ton dw, cho
thdy x& Iy nhiét thong thuwong khong phai lic nao cling ddm bao loai bo hoan toan tic dong cia
enzyme nay. Piéu d6 giai thich vi sao mot s6 san phdm c6 thé thay d6i do6 duc, d6 nhét hodc két cdu

trong thoi gian bao quan du di qua 6n dinh nhiét (6],

Cac cong nghé nhw CO, ap sudt cao, siéu 4m va thermo-sonication dwoc nghién ciru dé kiém soat PME
cung cac enzyme khac. Tuy nhién, cic cdng nghé nay khong nén dwoc dién gidi nhw gidi phap phd quat;
ching cho thdy rang PME 1a muc tiéu ky thuit quan trong trong bao toan chit lwong san pham trai cay

va can dwgc danh gia theo tirng nén san pham [[10], [14]].
Khi nao nén nghi dén PME — va khi nao cin than trong?

PME phu hop khi muc tiéu 1a diéu chinh pectin, khéng chi loai bo pectin. Cac trueorng hop dién hinh
gdm ting do chic mo v&i calcium, phét trién gel pectin methyl ester thip, chuin bi co chit cho hé

pectinase phdi hop hodc thay d6i hanh vi lwu bién cda nguyén liéu giau pectin M1,

Can thin trong khi sdn phdm can duy tri huyén phu duc 6n dinh. Trong nwéc qua duc, PME néi sinh
hodc PME b6 sung cé thé lam gidm 6n dinh néu pectin khir methyl ester twong tac véi calcium va hinh
thanh két tu, vi vy muc tiéu & diy thwong la ki€ém soat hodc bat hoat PME thay vi ting hoat tinh cia n6
[5]
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Cling cAn phan biét PME v&i cac enzyme cat mach pectin. Néu van dé chinh 1a dd nhét qué cao hodc can
tao oligosaccharide, PME don 1é c6 thé khdng du; hé enzyme cin dwoc thiét ké dé cé ca budc khir

methyl ester va buwéc phan cit phit hop, nhw cach cac hé pectinolytic dwoc nghién ciru trong san xuit

POS 21,

Pectin Methylesterase — dose-response (diminishing returns)

100 A
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Relative effect (%)
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Illustrative dose-response; confirm with plant trials. Not measured assay data

Figure 7. lllustrative dose—response for Pectin Methylesterase across the
recommended use band (0.01-0.1% %).

Lién hé véi phu pham thwc vat va kinh té tuan hoan

Nhu ciu khai thac phu phdm néng nghiép dang lam ting quan tim dén enzyme x ly pectin. Nhiéu phu
pham nhw vé trai ciy, ba ép, albedo, vo hat hodc phan xo cta rau cu chira pectin, hemicellulose,

cellulose va hop chit phenolic, cé thé tré thanh nguén nguyén liéu cho chit xo, pectin hoac

oligosaccharide chtrc nang 81,

Cac nghién ciru vé pectin tir phu phdm ndng - cong nghiép nhin manh rang phwong phéap chiét xuit va
bién tinh quyét dinh manh dén ciu truc pectin thu dwoc. PME ¢6 thé dwoc xem la mot cong cu bién tinh
sau chiét hodc trong xtt ly co chat, nhung gia tri cudi cing phu thudc vao thiét k& toan bd chudi quy

trinh [,

Mot s6 phu phdm nhw v6 hazelnut cling dwoc nghién ciru nhw nguén polyphenol va chit xo cho &ng
dung thwc phdm chirc nang. DU khong phai moi phu phdm déu la nén pectin ly twdrng, xu hwdng nay
cho thay cac enzyme lién quan dén polysaccharide thwc vat, trong dé c6 PME, ngay cang c6 vai tro

trong phat trién nguyén lidu gi tri gia ting [*3],
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D6 an toan, tai liéu chat lwong va pham vi sir dung

Vi enzyme la protein hoat tinh sinh hoc, viéc st dung trong thwc phdm, dé6 uéng hoac nguyén liéu chirc
nang can phu hop véi quy dinh cda thi treomg dich va muc dich st dung cu thé. Cac nghién ciru vé bit
hoat PME trong san pham trai ciy cho thiy enzyme c6 thé dnh hwéng dén chit lwong sau xtr Iy, nén
danh gia irng dung can dit trong nén san pham thuc t& chir khong chi dwa trén tén enzyme [©l,

D48i v&i ngudi dung cong nghiép, thong tin di kém nhw CoA va SDS giup ho tro quan ly hd so chat
lwong, an toan lwu trir va truy xuit 16 hang. Enzymes.bio cung cap cac tai liéu nay kém theo khi dat

hang, nhung Enzymes.bio la nha cung cap, khong phai nha san xuit enzyme hay phong thi nghiém
ki€m nghiém.

Pectin Methylesterase — residual activity over time
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80 -
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Illustrative stability decay; real retention depends on formulation and conditions.

Figure 8. lllustrative thermal-stability decay of Pectin Methylesterase — residual

activity falling over time at the operating temperature.

Pectin Methylesterase tai Enzymes.bio dwgc ban trwc tiép online theo don vi 1 kg. Noi dung ky thuit
trong bai viét nay nham gitp nguoi dung hiéu co ché, pham vi tng dung va gi¢i han dién giai cia PME;
viéc 4p dung vao san phdm cu thé van cin dwa trén yéu ciu quy trinh, tiéu chudn ndi bo va quy dinh
lién quan.

Tém tat ky thuat

Pectin methylesterase 1a enzyme diéu chinh pectin bang cach gidm mic methyl ester héa, tao pectin c6
nhiéu nhém carboxyl tw do hon. Su thay ddi nay lam pectin dé twong tac véi calcium, dé tham gia mang

gel hodc dé tré thanh co chat phu hop hon cho cac buwéc xtt Iy pectinase tiép theo [,
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Trong ché bién trai cdy va rau ct, PME c6 gia tri khi muc tiéu 1a ki€ém soat texture, phat trién gel pectin
hodc xt Iy nguyén liéu giau pectin. Tuy nhién, trong nwéc qua duc, PME c6 thé 1am gidam cloud stability
néu khong dwoc kiém soat, vi vdy enzyme nay phai dwoc str dung hoic bat hoat theo muc tiéu cong

nghé roé rang [°l,

Cach nhin thwc t€ nhit la xem PME nhuw mét cong cu bién tinh pectin cé chon loc, khong phai giai
phéap chung cho moi vin dé lién quan dén pectin. Khi dwoc ddt ding vai tro trong hé enzyme va nén

nguyén liéu, PME c6 thé hd tro tao ciu tric, diéu chinh lwu bién va khai thac hiéu qua hon cac ngudn

polysaccharide thuc vat 2],

D3at mua Pectin Methylesterase truwc tuyén

Ban theo don vi 1 kg, c6 sdn trong kho va sdn sang giao hang. D4t mua truc ti€p trén clra hang
clia ching tdi — thanh toan truc tuyé&n va chiing toi sé xt 1y don hang. Mdi don hang déu kém

Chrng nhan Phan tich va Bang Dt liéu An toan.

Mua Pectin Methylesterase -

Tai liéu tham khao

DPuwoc danh s6 theo thir tw trich dAn dau tién. Cac nguén truy cp mé, déu dwoc xac minh c6 thé truy cap tai thoi diém xuat ban; s§

trich dan trong bai lién két dén day.
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