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Tém tit. Polyphenol oxidase 1a mot nhém enzyme oxy héa xic tac cho cac hop chét phenolic. Dé san xuét
tra xanh (san pham) chét lugng cao, can thiét phai tiéu diét mot cach triét dé enzyme nay trong cong doan
diét men. Nghién clru nay tap trung vao viéc nang cao hiéu qua tiéu diét enzyme polyphenol oxidase bang
ky thuat vi song. Nghién ctru so sanh hiéu qua tiéu diét enzyme polyphenol oxidase bdi 8 phuong phap diét
men khac nhau bao gdm: chén, hp, sao, vi séng, chan+vi song, hip+vi song, vi song+hip va vi song+chan
trén cac bo phén khac nhau cua nguyén li¢u nhu: tom, 14, cong va bup. Két qua nghién ciru cho thay, dbi
v6i bo phén 14 tra, cac phuong phap diét men déu cho két qua twong duong nhau véi hiéu qua tiéu diét
enzyme trén 72,42%. Doi véi cac bd phan khéc nhu tdm, cong va bup tra, cac phuong phap diét men c6 su
hd tro clia vi song cho hidu qua tiéu diét enzyme tot hon so v&i cac phuong phap thong thudng nhu: chan,
hép va sao. Trong do, diét men bang hép+vi song cho hiéu qua cao nhat véi 70,7%. Bén canh d6, khi sir
dung cong suét vi song 600 W va thoi gian vi song 3 _phut, hi€u qua ti€u diét enzyme tang 1én 78,8%. Két
qua nghién ctru nay c6 thé duoc tng dung vao thyc té san xuat, dic biét khi cac 10 vi song cong nghiép da
duoc st dung rong rai.

Tur khéa: Diét men, enzyme oxy hoa khir, hiéu qua, tra xanh, vi séng.

1. GIOI THIEU

Viét Nam 1 nude san xuat tra 16n thi 7 trén thé gidi va la nudc xuit khau tra ding tht 5 toan cau. Hang
nim, Viét Nam c6 thé san xuat trén 200.000 tin tra kho va xuit khdu khoang 150.000 tan. Trong do, tra
xanh chiém khoang 44%, tra den 55% con lai la céc tra khac [1]. Tuy nhién tr trude cho dén nay, Viét Nam
van chua céi thién dang ké vé gia ban. Gia tra xuat khau ctia Viét Nam chi bang 2/3 so véi thé gioi, tham
chi bang 1/2 so v&i mirc gia cao nhat [1]. Diéu nay da dugc cac chuyén gia phan tich, 1y giai va cho rang
thi truong nhap khau ngay cang doi hoi khat khe céc chi tiéu chat lugng san phadm nhu du luong thude trir
sau, thuoc bao v¢ thyc vat hay diém thr ném cam quan san phdm. Bén canh d6 1a cac nguyén nhéan khac
nhu gidng cay trong, trang thiét bi, cong nghé ciing duoc dé cap den Do d6, mudn giai quyet van dé nay
can phai thao g timg nguyén nhan. Mt trong nhiing nguyén nhén can dugc quan tAm va can thao g& mot
cach nhanh chong d6 1a chat lugng san pham.

Chat luong san phém tra xanh duoc thé hién thong qua cac chi tiéu chat lugng bao gém cac chi tiéu hoa
1y: d6 4m, téng chat kho hoa tan, tong polyphenol va céc chi ti€u cam quan: mau sac nu6c pha, mau san
phim, mui, vi va trang thai cta san pham Trong do, chi tiéu vé tong polyphenol va céc chi tiéu vé cam
quan dugc xem 13 nhiing tiéu chi quyét dinh dén chit lugng ciia san pham. Céc chi tiéu chét lugng nay lai
phu thudc rat nhiéu vao quy trinh ché bién dic biét 1a 2 cong doan diét men va say kho. Trong 2 cong doan
trén, cong doan diét men lai la cong doan quyét dinh.

Diét men tra xanh c6 rat nhiéu phwong phap nhu: hip, chan, sao hay siy. Tat ca cac phwong phap déu co
nguyén ly chung 1a ding nhiét 6 cao dé tidu diét enzyme polyphenol oxidase (PPO), mét loai enzyme oxy
hoa co chat 1a polyphenol c6 trong 14 tra. Tuy nhién phuong phap nao ciing ¢6 wu nhuge diém riéng cia no.
Véi phuong phap sao, wu diém 1a cho hwong thom manh nhung nhugc diém cia phuong phép 1a diét men
thuong khong triét dé dan dén mau sic nudc pha thi kém va vi hoi dang. Vi phuong phap chan thi wu diém
1a mau nude pha dep nhung nhuoc diém mui thom khong manh va bi ton that 1 phan polyphenol do bi trich
ly vao nuée chan. Con dbi véi phuong phap hép va siy thi c6 chung uu diém 1a huong thom tdt, vi ngon
nhung nhugc dlem 16n mau nude pha van chua dat tiéu chuan khi nga vé mau vang sang [2].

Nuéc pha tra xuat hién mau vang nhat cho dén vang dam 1a do qua trinh diét men (diét enzyme) khong triét
dé. Tir 46 dan dén phan tng oxy hoa polyphenol bai enzyme polyphenol oxidase van con tién trién nhung
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& mirc d6 nhe cho nén tao ra cac sic t6 khéng mong mudn c6 trong nudc pha tra xanh. Ngoai ra, khi phan
ing oxy hoa nay xay ra né con lam giam bot 1 lugng polyphenol ban dau c6 trong nguyén lidu tir 6 lam
giam chi s tong polyphenol ¢ trong san pham.

Polyphenol oxidase (PPO) la m6t nhém enyzme c6 trung tdm hoat dong chira ddng, dugc tim thay & vi
khuén, thyc vat den dong vat ¢ v, c6 kha nang xuc tac qua trinh oxy hoa cac hop chét phenolic thanh
quinone, tao ra sic to tir vang dén nau [3]. PPO déng vai trd quan trong trong viéc hinh thanh sic t6 va co
ché phong vé chdng lai mam bénh & thyuc vt clng nhu chong lai cac loai con trung an thuc vat [4-6]. Cac
hop chét phenolic dong vai tro han ché sy di chuyén ctia mam bénh. Cac quinone do PPO tao ra c6 thé lién
két v6i protein thuc vat, lam giam kha nang tiéu hoa protein va gia tri dinh dudng d6i voi dong vat an co
[7]. Mt khac, qua trinh oxy hda cac hop chat phenolic béi PPO duoc cho 1a nguyén nhéan chinh giy ra su
d6i mau nau cua nhiéu loai trai c@y va rau qua trong qua trinh chin, xtr 1y, bao quan va ché bién [8]. Tuy
nhién, vai trd ciia PPO rit quan trong & mot s6 loai thyuc vat, chang han nhu tra. Cay tra rt giau polyphenol.

Catechin 14 hop chat hoat tinh sinh hoc quan trong nhat trong tra va gitp ting cu'(mg kha nang chdng oxy
hoa & nguoi. Su két tua dong thot cua catechin va protein la nguyén nhan gay ra vi ddng va chat cua tra.

PPO oxy hoa catechin dé tao ra theaflavin va thearubigin, lam giam dang ké vi chat va gop phan tao mau
cho tra den. Do d6, PPO anh hudng déng ké dén huong vi, mau sic va mui cua tra [9, 10]. Nguoc lai véi
viéc ché bién tra den, viéc giit mau xanh cho tra xanh 13 viéc 1am can thiét. Trong quy trinh san xuét tra
xanh, muc tiéu chinh la bao toan hwong vi tu nhié€n, mau sdc va céc hop chét sinh hoc ¢6 loi. Dé dat duoc
diéu nay, qua trinh diét men rat quan trong nham ngin chin su oxy hoa ctia polyphenol, dic biét 1 catechin,
mot thanh phan chinh tao nén huong vi va gi tri dinh dudng cua tra xanh [11].

Vi séng (microwave) van dya trén nguyén ly sinh nhiét do twong tac ludng cuc va tuong tac ion, chinh 2
twong tac nay s€ gay ra sy quay/va cham gitta cac phan tir ludng cuc va cac ion c6 trong nguyén li¢u. Tu
d6 sinh ra nhiét va tham chi 1 pha v& cau triic siéu phan tir ctia nguyén liéu mot cach dong déu tir bén trong
cling nhu bén ngoai bé mit [12, 13]. Nhu véy, néu ap dung nguyén 1y nay vao qua trinh diét men tra xanh
thi rat phii hop béi vi bup tra tuoi co chira hon 75% nudc con lai da sb 1a cac chét hoa tan. Trong d6, nudc
¢6 tinh ludng cuc va mot chat hoa tan lai ¢6 tinh ion hoa do d6 khi thyc hién qua trinh vi song s€ gay ra ca
2 tuong tac noi trén. Chinh didu nay s& gop phan diét men mot cach triét de gilip nang cao chat luong san
pham tra xanh. Py ciing chinh 14 ndi dung, 13 Iy do ma nghién ctru nay can dugc tién hanh.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1 Nguyén li¢u

Bup tra tuoi duge thu hai tai nong truong thugc xa Loc Tén, huyén Bao Loc, tinh Lam Pong (toa do:
11°32'03.5"N 107°43'20.9"E). Thoi gian ldy miu 7-8 gio sang, thoi diém thu hai bup tir thang 5 duong lich.

Bip tra sau khi hai, rira sach qua nudc sau d6 cho vao thing xp c6 wdp da lanh rdi van chuyén ngay vé

phong thi nghiém. .

Céc bup tra dugc phan thanh 4 loai nguyén li¢u cho céc thi nghi¢ém (Hinh 1) bao gobm: Tom tra, 14 tra, cong

tra va bup tra tiéu chuan (Hinh 2).

2.2 Hoéa chit, thiét bi

Thudc thir Folin-Ciocalteu’s phenol (Merck, Germany)

Catechol (Sigma Aldrich, USA)

Polyvinylpolypyrroridone (Sigma Aldrich, USA)

Tannic acid (Sigma Aldrich, USA) ) )
Lo vi séng Panasonic NN-ST65JBYUE: C6ng suat vi song tir 100 dén 1000 W.
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_ e Cong tra

Hinh 2. Bap tra tiéu chudn dé ché bién tra xanh

2.3 Chuén bi dich chiét xac dinh hoat tinh enzyme PPO

Enzyme dugc trich ly theo phuong phap cai tién cua Kobkiat va cong su (2014). Tat 4 cac mau nguyen li€u
(twoi) duoc cit nho 1-2 mm, sau d6 nghién trong cdi st dén khi min. Can liy 2 g mau va dong nhat voi 20 mL
dung dich dém potassium phosphate 0,05 M (pH 6,2), cho thém 2% polyvinylpolypyrroridone rdi ngam chiét
trong 5 phit. Hon hop dich chiét dem di ly tim 16000 vong/phut trong 5 phut. Sau cing, loai bé phan cin, thu
phén dich ndi ¢6 chira enzyme thd dung cho céc thir nghiém xac dinh hoat tinh enzyme PPO [14].

2.4 Chuén bi dich chiét xac dinh ham lwong polyphenol téng

Dich chiét c6 chita polyphenol dugc thyuc hién dya trén phuong phép cai tién va c6 sira dbi cua Kobklat va
cdng sy (2014). Nguyén liéu tuoi cit nho 1-2 mm, sau d6 nghién trong cdi str dén min. Can iy 2 g miu va
dong nhat voi 20 mL ethanol 80% trong 5 phiit. Sau d6 ly tam & toc do 16000 vong/phit trong 20 phit.
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Loai bo phan cin, thu dich ndi ¢6 chira polyphenol ding cho cac phéan tich ham lugng polyphenol téng s6
[14].

2.5 Phwong phap xac dinh hoat tinh enzyme PPO

Hoat tinh PPO dugc xac dinh dua theo phuong phap ciia Jiang va Fu (1998) va c6 stra d6i. Chuan b 2,5
mL hén hop phan tmg bao gém 1,5 mL dung dich dém potassium phosphate 0,05 M (pH 7,5), 0,5 mL catechol
va 0,5 mL dich enzyme thd. Hon hop dugc i trong 5 phut ¢ 30°C. Do do héap thy & budc song 420 nm [15].
M4u blank bao gdm 0,5 mL catechol va 2 mL dung dich dém.

Mot don vi hoat d§ enzyme PPO dugc dinh nghia 14 luong enzyme géy ra su thay d6i 0,01 do hép thu trong
mdi phut.

Viy hoat tinh ctia enzyme PPO dugc tinh theo cong thirc sau:

_ Abs .
U= oL (Abs/mL*phat)

Trong d6: Abs la gia tri d hip thu; V 1a thé tich enzyme dem phan tng; t 1 thoi gian phan tng.

2.6 Phwong phap xac dinh ham lwong polyphenol téng sé (TPC)

Nguyén tic co ban dua trén phan tng oxy hoa khir cAc nhom polyhydroxy trong phenolic boi thude thir Folin-
Ciocalteu (nhu chat oxy héa) s& tao thanh dung dich c6 méau xanh lam véi d6 hap thy cuc dai & bude song 738-
765 nm. D6 14 do sy hinh thanh cac ion superioxide, cic ion ndy sé& lan lugt phan g véi molybdate dé hinh
thanh dang molybdenum oxide. Ham lugng polyphenol téng (TPC-Total phenolic contents) dugc x4c dinh nhoy
phuong phap so mau.

Ham luong polyphenol tong dugc xac dinh dya trén phuong phap clia Ayesha va cong su (2010) va c6 sira doi.
H(t 0,2 mL dich miu tron voi 1 mL dung dich phenol Folin-Ciocalteu 10%, dé yén ¢ nhiét d6 phong trong 8
phit. Sau d6, thém 4 mL natri cachonat 7,5%. Dung nudc cit dinh murc thanh 10 mL. Hon hop duoc dit trong
t6i & nhiét d6 phong trong 2 gio. Tién hanh do d6 hap thu & 765 nm. Mau tring bao gdm nudc cat, thude thir va
natri cachonat [16].

Puodng chuin duge xay dung nhu sau: Pau tién pha dung dich acid tannic chuan 1 ppm (1 mg/L). Sau d6, pha
thanh cac ndng do tir 2-10 pg/mL, cho thém 1 mL dung dich phenol Folin-Ciocalteu 10% va 4 mL natri cacbonat
7,5%. Dung nude cat dinh mirc thanh 10 mL.

Téng ham luong polyphenol duoc biéu thi bang sé mg acid tannic/100 g trong luong twoi (mg TAE/100 g FW).

TPC (mg TAE/100 g FW) = C Vao_, Vam 100
= * E3 *
mg TAE/100 **1000 "V, m(100 — w)

Trong d6: Cx 1a ham lugng polyphenol suy ra tir duong chuan (ng/mL); Vdo la thé tich dich mau dem di do
quang (10 mL); Vdm la thé tich dinh murc mau (100 mL); Vhla thé tich dich mau dem phan tmg (0,2 mL); m la
khéi lvong mau dem trich ly (2 g) va w 1a d6 4m cta mau (%).

2.7 Phuwong phap diét men tra xanh

Nguyén ly cua phuong phép 1a st dung nhiét d cao dé 1am bat hoat enzyme PPO c6 trong bup tra. Khdi
lugng nguyén liéu cho moi thi nghiém la 50-80 g.

Diét men bang phuwong phap chan dugc thyc hién nhu sau: Cho nudc vao ndi inox dam bao lugng nudc
ngap hét toan bd nguyén liéu, sau d6 dun sdi nudc rdi cho nguyén liéu vao diét men trong 3 phit. Thoi gian
diét men dugc tinh tir khi cho nguyén liéu vao cho dén khi vét ra.

Diét men bang phuong phép hap Str dung n01 hap 2 tang Cho nudc vao tang dudi ciia ndi va dun dén khi
s0i thi cho nguyén lidu vao tang trén ciia ndi hap. Pay nap va thuong xuyén dao déu nguyén liéu trong 3
phat. Thoi gian diét men tinh tir lac cho nguyén liéu vao dén khi 1ay nguyén liéu ra.

Diét men bang phuong phép sao: Su dung thiét bi sao rang thung quay. Dau tién diéu chinh nhiét d¢ thiét
bi sao cho nhiét d9 bé mit tiép xuc cua trong sao khoang 160-180°C thi cho nguyén lidu vao diét men trong
3 pht. Thoi gian diét men tinh tir luc cho nguyén liéu vao va ldy nguyén liéu ra.

Diét men bang phuong phép vi song: Str dung 16 vi song diéu chinh dugc cong sudt vi séng. Cho nguyén
lidu 1én dia thity tinh ciia 16 vi séng va diét men trong 3 phut. Thoi gian diét men dugc tinh tir khi bam nut
khoi dong cho dén khi ding vi song.

Diét men bang phuong phap hap+vi song: Thyc hién gidng nhu phuong phap hép va vi song nhung theo
thir ty nhu sau: du tién nguyén liéu hap trong 1 phut sau d6 chuyén sang vi song trong 2 phit.
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Diét men bang phuong phap chan+vi song: Thuc hién gidng nhu phuong phap chan va vi song nhung theo
thr ty nhu sau: dau tién nguyén liéu chan trong 1 phut sau d6 chuyén sang vi song trong 2 phit.

Diét men bang phuong phap vi song+hap Thuc hién gidng nhu phuong phap hap va vi song nhung theo
thir ty nhu sau: dau tién nguyén liéu vi song trong 2 phut sau d6 chuyén sang hap trong 1 phit.

Diét men bang phwong phap vi song+chan: Thyc hién gidng nhur phuong phap hap va vi song nhung theo
thi tw nhu sau: dau tién nguyén lidu vi song trong 2 phut sau d6 chuyén sang chan trong 1 phut.

2.8 Phuong phap thu thap va phan tich s6 liéu

Céc thi nghiém dugc bd tri ngau nhién, lap lai ba 1an, véi mot hay hai nhan t6 thay doi. Str dung phuong
phap phan tich phuong sai (ANOVA) theo kiém dinh LSD dé két luén sy sai khac gitia trung binh céc
nghiém thure. S liéu duogc thu thap va xtr 1y thong ké bang phan mém Statgraphics Centurion 19.5 va phan
mém Excel dung dé tinh toan trung binh va d¢ 1éch chuan ctia cac phép do. Két qua ciia thi nghiém trudc
duoc chon lam thong sb ¢ dinh cho céc thi nghiém sau.

2.9 So d0 nghién ciru tong quat
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Hinh 3. So db nghién ctru chung
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3. KET QUA VA THAO LUAN
3.1 Anh huwéng ciia phwong phap diét men va by phén biip tra dén hoat tinh enzyme PPO
Polyphenol oxidase (PPO) la enzyme (men) thuc nhom oxy hoa khur. Khi nguyén li€u tra bi oxy hoa (1én
men), PPO s€ tach nguyén tir hydro tir polyphenol chuyén cho oxy khong khi la chat nhan dién tir. Bén
canh d6, PPO c6 ban chat 1a protein trong lwong phén tir khoang 16000 dalton [17] va vi tri cua PPO trong
nguyén li¢u cling da dugc xac dinh. PPO c6 thé tim thy trong cac lyc lap, ty the va biu bi cua t€ bao [18].
Ttr @6 cho thay su phan bo cép PPQ trong cac b0 phan cua bﬁg tra lé} khéc nhau. Bang 1 cho thay, sy c6 mit
cua PPO trong tom la cao nhat, tiép dén 1a trong blp, 14 va thap nhat 1a trong cong tra.

Bang 1. Hoat tinh enzyme PPO theo vi tri bo phan bulp tra va phuong phap diét men

Phuong phap diét men Tém Latra Cong tra Bup tra
Nguyén liéu 17,88%¢+0,54  14,16°®+0,74  9,66°°+0,47  17,28%+0,52
Chan 6,999%+0,28 3,45'9A+0,3  7,26"8+0,22 9,76°°+0,39
Hiap 7,14%8+0,32 3,76°4+0,28  7,31"®+0,19  10,67°°+0,63
Sao 7,59%+0,32 3,920A+0,59  7,85"%+0,29  11,05°°+0,55
Vi séng 3,98%¢+0,28 2,54%4+0,3  3,58%%+0,14 4,42¢+0,27
Chan + Vi séng 4,22%%+0,15 2,824+0,11  3,92%8+0,33 4,60%+0,41
Hap + Vi song 4,94b°°+0,25  2,93%°A+0,15  4,17%+0,21 5,06°+0,25
Vi séng + Hap 5,02°+0,28 2,84%A+0,22  4,11%8+0,29  4,63%C+0,35
Vi song + Chan 4,28%8+0,29  2,89%°A+0,42 4,028+0,2 4,45%+0,32

Cac gid tri cung mgt ¢t ¢d ky ty in thuong khdc nhau thé hién sw khdc biét c6 y nghia thong ké ¢ p<0,05

Cac gia tri cung mot hang co ky tw in hoa khdc nhau thé hién sy khac biét co y nghia thong ké o p<0,05
Nguyén liéu (bap tra) dua vao quy trinh ché bién tra xanh phai bao gdm day du cac bd phan tom, 1, cong.
Tuy nhién, khi tién hanh phan tich hoat tinh enzyme PPO c6 trong timg bd phan riéng 1¢ cac phuong phap
diét men lai cho hi€u qua khac nhau twong tng v6i timg bo phén cua bup tra. Theo Bang 1, nhin chung cac
phuong phép diét men cho két qua tuong ddng nhau ddi v4i bo phan 14 tra. Piéu nay co the duogc ly giai
nhu sau: Theo nhiing nghién ciru méi nhat khi st dung k¥ thuat khang thé huynh quang, Wickremasinghe
cung cong su khiang dinh riang, PPO nim & 16p biéu bi cta t& bao, bao gdm ca biéu bi trén va biéu bi dudi
dbi voi 14 non trong khi ¢ 14 gia chi c6 thé dugc phét hién ¢ 16p biéu bi dudi [19]. Cho nén chi cin mot
khoang thoi gian gia nhiét ngan hoan toan co thé gy bién tinh PPO trong cac 16p biéu bi nay. Cac phuong
phap diét men chan, hip, sao, vi song hay vi song két hop déu c6 chung nguyén ly 1a ding nhiét d6 cao dé
bat hoat enzyme. Do do, két qua phén tich hoan toan trung khdp véi cac nghién ciru Iy thuyét trude do.
Tuy nhién, két - qua phan tich hoat tinh enzyme PPO trén cac bg phén con lai nhu tdm, cong va bup thi khong
¢6 sy twong dong nhu trén 14 boi vi sy phén bo enzyme PPO trong cac by phan tom, cong va bup c6 khac
so véi trong 14. Cu thé, PPO s& phan bd chu yéu trong cac luc lap va ty thé cua té bao. Bén canh do, thanh
té bao va cac ciu tric khac cdu tao nén cc co quan clia tdm, cong va bup hoan toan khac so véi 14 tra. Do
d6, cAn phai c6 mot khoang thoi gian da 16n dé qua trinh truyén nhiét tir méi truong dén enzyme PPO.
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Hinh 4. So sanh hiéu qua tiéu diét enzymme PPO gitra cac phuong phap diét men

Céc phuong phéap diét men chan hép va sao déu co chung nguyén ly truyén nhiét d6 1a truyen nhiét bién
nhiét. C6 nghia la qua trinh truyen nhiét xay ra theo co ché: d6i luu sau d6 1a dan nhiét. Pau tién, nude hodc
khong khi duoc dét nong s& truyén nhiét di lvu dén bé mat nguyén liéu (t6m, cong hodc bip tra) 1am cho
bé mit nguyén liéu nong 1én, tiép dén nhiét s& din tir bé mat ngoai cua nguyén lidu vao bén trong cac co
quan, bo phan cau thanh té bao 1am cho chung néng 1én. Nhu véy, cac bd phan té bao nguyén liéu néng 1én
nhanh hay chdm, nhiét d6 cao hay thap phu thudc rat nhiéu vao chiéu day cua cac 16p nguyén lidu.
Trong khi d6, vi song lai c6 co ché gia nhiét khac hoan toan so v6i chan, hip hay sao. Nguyén 1y cua vi
song (mlcrowave) lam néng nguyén li¢u khong dung tac nhan mang nhiét ma la dung nang luong dién tur
truong (bao gdm dién trudng va tir trudng) va tan s6 dao dong khoang 2450 MHz. Truong dién tir ndy s&
sinh ra tuong tac ludng cuc va twong tac ion. Pdi véi trong tac ludng cuc s& tac dong 1én cac phan tir phan
cuc c6 trong nguyén liéu va lam cho cuc cta chiing quay qua lai vi tan s dao dong 2,45x10° dao dong/giay,
chinh su dinh hudng lai theo sy thay d6i hudng cua dién truong sé sinh ra nhiét. Con ddi voi twong tac ion,
néu trong nguyén liéu c6 nhleu hop chat ion dang hoa tan thi s& gdy ra su chuyén dong hdn loan va va cham
v6i cac phén tur khac véi tbc do rat cao va sinh ra nhiét [20]. Chinh vi nguyén ly nay lam cho vi séng c6
tinh xuyén thau rat cao.
Két qua phan tich hiéu qua tiéu diét enzyme PPO trong Hinh 4 cho thiy c6 su khac biét dang ké giita hai
nhoém co ché diét men bao gdm: Nhom co ché diét men thong thuong: chin/hip/sao va nhom co ché diét
men bang vi séng: vi song/vi song két hop. Két qua phén tich chi ra rang, ddi v6i nhom c6 co ché diét men
thong thuong cho hiéu qué thap hon so vi nhom co ché ding vi song trén ca 3 bo phan tom, cong va bip.
Trong d6, hiéu qua tiéu diét enzyme PPO cao nhat thudc vé phuong phap diét men bang vi song khi hiéu
qua dat 77,75% trong nguyén li¢u tom, 62,86% trong cong va 74,43% trong bup tra.
3.2 So sanh hi¢u qua tiéu di¢t enzyme PPO ciia mdt s6 phwong phap diét men
Yéu cau ciia qua trinh di¢t men tra xanh la phai diét men triét dé co nghia la hoat tinh enzyme PPO giam
dén muc thip nhat co thé so véi trude khi digt men (nguyén liéu ban dau). Dé thyc hién duge ' yéu cau nay,
phai tao ra dugc mot tac nhdn mang nhi€t v6i yéu cau nhanh va manh. Thong thudng thi chat mang nhiét
nay la khong khi kho hodc khong khi am hodc 1a nudc. Néu chat mang nhiét 1a nudc thi ta ¢ diét men bang
phuong phép chan. Néu 1a khong khi kho thi ta c6 diét men bang phuong phap sao/sdy, con khong khi am
1a phurong phap héap diét men.

Bang 2. Anh huong cuia phuong phéap diét men dén mét sb chi tidu chat lwong tra xanh

Phuong phap diét Po 4m Nhiét do bé mat Polyphenol téng Hoat tinh PPO
men (%) (°C) (mg/g) L)
Bup tra tuoi 79,63°+1,44 28,30%+0,85 232,12'+7,07 17,289+0,52
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Chan 83,90%+1,28 88,30°+1,84 183,44bct+4,94 9,76°+0,39
Hép 80,93°+0,81 86,25"+1,05 202,44°+5 65 10,67°+0,63
Sao 60,67°+0,49 85,90°+1,13 172,94%+4,24 11,05°+0,55
Vi song 52,41°+0,62 108,15%+2,05 171,29°+2,82 4,42°+0,27
Chin + Vi séng 62,71°+1,01 92,25°+1,06 176,97°+4,95 4,60°+0,41
Hép + Vi song 61,56°+1,22 101,55%2,9 193,47%+4,25 5,06%+0,25
Vi séng + Hap 60,95°+1,32 87,75°+1,48 187,56+3,53 4,63*+0,35
Vi song + Chan 61,42°+0,86 86,25°+1,77 171,14%+4,24 4,45°+0,32

CAc gia tri ciing mot ot c6 ky tw in thiwong khdc nhau thé hién si khdc biét ¢é Y nghia thong ké ¢ p<0,05
Thong qua két qua phan tich & Bang 1 va Hinh 4, d3 c6 co s¢ dé Iya chon phuong phap diét men tra xanh
12 ¢6 su tham gia cua vi song. Tuy nhién, chi dua vao hoat tinh enzyme PPO dé lwa chon phuong phap diét
men nao thi lai chua di co s6 boi vi chit lwong tra xanh san phiam khong chi phu thudc vao hidu qua diét
men ma con phuy thude vao nhiéu yéu t6 khac nhu: mau sic nude pha, mui vi san phﬁm va ca dd xoan cudn
cling nhu ty 1& vun tao thanh sau qua trinh ché bién. Do d6, dé c6 thém co s& lwa chon phuong phap diét
men t6t nhat cho tra xanh nghién ctru tiép theo s& tién hanh phén tich thém mét sd chi tiéu lién quan dén
chat luong san phém d6 1a: do 4m cua ban thanh pham (nguyén liéu sau diét men) va thém ham luong
polyphenol tong s0.
Do am ciia khdi nguyén lidu sau qua trinh diét men la mot trong nhimg chi ti€u quan trong dé xac dinh diém
dirng cua cong doan diét men tra xanh béi vi tiép sau cong doan diét men 13 céng doan vo tra. Vo tra véi
muc dich 13 1am cho nguyén liéu xoan cudn lai tir 46 ndng cao gia tri thAm my va cam quan cho san pham.
bé dat dugc muc dich nay, diéu quan trong la phai kiém soat dugc d6 4m cua khdi nguyén li€u trude khi
tién hanh vo. Theo kinh nghiém tir san xuit, 46 4m t6t nhit dao dong 59-63% thi d6 xodn cudn cua bup tra
dat cao nhit dong thoi ty 16 vun 1a thip nhét. Dya trén co s& d6, cac phuong phap duoc cho 1a phu hop véi
d6 am do 1a: sao (60,67%), chan+vi song (62,71%), hip+vi song (61,56%), vi séng+hip (60,95%) va vi
songtchan (61,42%).
Tuy nhién, theo két qua phan tich hi€u qua tiéu diét enzyme PPO ¢ Hinh 4 thi phuong phap sao s€ bi loai
trir vi hidu qua thap. Con dbi voi phuong phap vi song, mac du hiéu qua diét men la cao nhit trong tt ca
cac phuong phap (74,43%, Hinh 4) nhung van khong duoc lya chon vi ly do d6 & am khdi nguyén lidu thap
hon so voi yéu cau sé dan dén d6 xoan cudn va ty 1& vun khong dat yéu cau.
Theo két qua phan tich s6 liéu & Bang 2, hoat tinh enzyme PPO trong céac mau c6 xtr 1y vi song két hop 1a
tuong dong nhau, c6 nghia la hiéu qua tiéu diét enzyme 1a gidng nhau ddi v6i 4 phuong phap diét men bang
vi song két hop. Do do, dé c6 can cur Iya chon phuong phap diét men t6t nhat, tlep tuc dua vao chi tiéu
polyphenol tong s0. Diét men bang phuong phap hap két hop vi song cho két qua tot nhat khi gitr lai 193,47
mg/g TPC, thap nhét 1a phuong phap vi song két hop chan (171,14 mg/g TPC). Dleu nay c6 thé dugce 1y
giai nhu sau: polyphenol 14 hop chat kém bén voi nhiét bai vi trong cong thirc cdu tao co nhiéu nhom
hydroxyl (-OH) linh dong va chiing dé dang tach ra khi giip tic nhan nhiét d6 cao. Cho nén, ca 2 phuong
phap diét men thong thuong va vi song déu 1am suy giam TPC.
Khi xét & mét khia canh nhoé hon do 1a so sdnh muc do suy glam (ton that) TPC gitta 2 phuong phap diét
men: chan+vi song va hap+v1 song thi chan+vi song lai suy giam TPC nhiéu hon méc di cac ché do nhiét
do, thoi gian, céng sudt vi song 1a nhu nhau. Nguyén nhén 13 vi polyphenol tan tt trong nuéc, dic biét la
nudce nong. RG rang phuong phap chan ding nuéc da dun sbi sau d6 cho nguyén liéu vao diét men thi trong
mot khoang thoi gian di ngan cting lam cho mot phan polyphenol hoa tan ra nudc chan. Con ddi véi phuong
phap hép thi dung hoi nudc nong dé gia nhiét nén sw hoa tan nay 1a khong dang ké.
Nhu vay, khi két hop lai dong thoi cac chi tiéu: ¢ am, TPC va hidu qua diét men thi phuong phap diét men
tra xanh dugc cho la t6t nhat d6 1a hap két hop vi song. Cho nén cac nghién clru tiép theo tap trung vao xac
dinh cac diéu kién t&i wu cho qué trinh vi séng bao gom: thdi gian va cong suit vi song.

3.3 Anh huéng ciia cong suit va thoi gian vi séng dén hig¢u qua di¢t men tra xanh
Cong suit phat song cua 16 vi song duge dinh nghia 1 luong nhiét da truyén cho nguyén liéu trong mot don
vi thoi gian d€ 1am noéng nguyén liéu. Cho nén cong suat vi song la dai luong lién quan truc ti€p dén toc do
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gia nhiét va nhiét d6 ma nguyén liu dat dugc. Ddi voi 10 vi séng Panasonic NN-ST65JBYUE dung cong
nghé inverter nén nguyén 1y ciia viéc diéu chinh cong suat vi song 1a diéu chinh hiéu dién the va cuong do
dong dién dé kiém soat mirc ning lurong ma magnetron phat ra. Médc du thay d6i cong suat vi song nhung
tan s6 va budc song cua 10 vi song van ludn & mirc ¢b dinh 13 2.45 GHz va 12,24 cm.

Vi 10 vi song Panasonic NN-ST65JBYUE c6 thé diéu chinh duoc cac mirc cong suét tir 100 W dén 1000
W. Duya vao mirc cong suét phat song ta hoan toan tinh dugc nhiét lwuong ma nguyén li¢u da nhén dugc
trong mot khoang thoi gian ¢6 dinh 1a 120 gidy (Bang 3). Nhiét luong nay cang cao s& cho ta thdy dugc tc
d gia nhiét va nhiét d6 nguyén liéu dat dugc cang nhanh va lén.

Bang 3. Anh huong cong suat vi séng dén mot sb chi tiéu chat luong cia tra xanh

~ Cong suit vi  Nhiét lugng Do am (%) Nhiét do bé Polyphenol Hoat tinh PPO
s6ng (W) (KJ) mit ("C)  tong (mgle) ®
Bip tra tuoi 80,50°+1,34 27,15%+0,78 238,37+7,57 18,079+0,42
100 12 78,13%+1,32 60,21°+1,42 216,86°+4,02 14,82+0,62
300 36 69,30%+2,52 72,44°+1,61 201,92%+2,8 12,43%+0,65
440 52,8 64,38°+1,87 81,82%+1,1 193,32%+5,64 9,93%+0,56
600 72 61,21°¢0,91  105,85°+0,92 189,39°+2,74 5,47°+0,35
800 96 49,69°+0,95  112,82'+1,72 151,62+3,85 3,83"+0,3
1000 120 41,50%+1,14  121,35%1,48 119,01%+4,24 2,46°+0,18

Cac gia tri cung mot cot co ky tw in thuong khac nhau thé hién su khdc biét co y nghia thong ké o p<0,05

Theo két qua phén tich & Bang 3, khi ting mirc cong suat vi song dong nghia véi tang nhiét luong truyén
cho nguyén liéu s& dan dén gia ting nhiét d6 nguyén liéu theo mot quy ludt gan nhu 14 tuyén tinh. Két qua
1am cho d6 4m nguyén liéu giam déan, diéu nay duoc 1y giai nhu sau: Khi nhiét 46 nguyén liéu ting, trudc
tién 1a nudc tu do bé miat dé dang tach ra bang cach bay hoi khi ¢ su chénh 1éch nhiét do giita moi trudng
va nguyén liéu, tiép dén 1a nudc mao quan bat ddu dich chuyén tir trong nguyén liéu ra bé mat dudi dang
long do anh huong cua gradient néng d6. Khi nhiét d6 bit dau hon 60°C nudc tham thau dich chuyén ra
ngoai do su chénh léch ap suat tham thau, khi nhiét do nguyén liéu tang hon 70°C bat dau nudc lién két cau
trac thoat ra dudi dang bay hoi. Day la nude lién két yéu, ching lién két voi mixen nguyén liéu thong qua
lién két hydro nén d& dang dung nhiét dé pha v& lién két nay. Tiép tuc ting nhiét do 1én khoang > 100°C,
nude lién két hap phu bat dau thoat ra dudi dang bay hoi. Nude lién két hap phu ciing gidng nhu lién két
cAu trac nhung ching lién két chit véi mixen cta nguyén liéu hon, ngoai ra chiing ciing lién két vai cac
nhom ludng cuc tao thanh dang keo (mixen) [21]. Do d6, & mirc cong suit 1000 W d6 4m nguyén lidu giam
t6i da con lai 14 32,5%, néu c6 tang thém thoi gian vi song thi ¢ 4m giam nhung khong déng ké bai vi con
nude lién két hoa hoc chung ta khong thé ding nhiét dé tach ra bai vi chiing lién két chat voi cac thanh
phan cta nguyén liéu nhu protein, lipid, cellulose, glucid ¢ dang nu6c hydrat (lién két ion) rat bén nhiét.
Néu mudn pha v lién két nay phai dung nhiét rat cao trén 300°C m&i c6 thé tach cac nude lién két hoa hoc
nay ra khoi nguyén liu.

Bén canh do, khi tang cong suat vi song thi TPC va hoat tinh enzyme PPO cling giam theo diéu nay hoan
toan phu hop véi Iy thuyét vé truyén nhiét cling nhu co ché vé sy bién tinh khong thuén nghich protein boi
nhiét d0 cao. Tuy nhién, ¢ day cling can phai nhan manh lai mot 1an nita d6 1a hiéu qua tiéu diét enzyme
PPO va sy suy giam TPC khi c6 vi song 1a 16n hon so v6i cac phuong phép diét men khong c6 sy hd tro
cua vi song.

Thong qua Kkét qua Bang 3, muc cong suét vi song duoc lua chon 1a 600 W. Néu ham muc tiéu cua nghién
clru nay chi dat ra 1a hi¢u qua tiéu diét enzyme PPO thi mic cong suit 1000 W s& duoc lwa chon vi hiéu
qua dat t6i 86,4% so v6i 69,7% & mirc cong suat 600 W. Tuy nhién, ddi véi chat lwong tra xanh khong chi
can cur vao hiéu qua cong doan di€t men ma con xét dén céac khia canh khéc cua chit lugng. Cu thé, do 1a
d6 am va TPC cia ban thanh pham tai cong doan diét men. Cho nén & cdc murc cong suat tir 100 dén 440
W la khéng phi hop vi d6 am lai qua cao dan dén khi vo tra s& bi von cuc mic du TPC con giir lai kha cao.
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Nguoc lai, & cac mirc cong suét tr 800 dén 1000 W thi d6 am lai qua thép khi vo s€ vyn gdy va d6 xoan
cudn sé khong dat, dong thoi ¢ cac mirc cong suat nay TPC giam qua mirc mic du hiéu qua tiéu diét enzyme
lai cao nhung van khong dugc lua chon.
Cubi cung, dé hoan thién cac thong sb ki thudt cho cong doan diét men tra xanh bang ky thuét vi song, can
nghién ctru va lya chon thoi gian vi séng thich hgp

Bang 4. Anh huong thoi gian vi song dén mot sb chi tiéu chat luong

~ Thoi gian vi  Nhiét luong D6 am (%) Nhigtdo bé mat  Polyphenol tong  Hoat tinh PPO
song (Phuat) (KJ) °C) (mg/g) V)
Nguyén liéu 79,79"+1,22 29,75%0,49 230,96"+5,3 16,58%+0,54
1 36  77,55"2,21 67,80°+1,55 226,86"+4,5 13,12%40,41
1,5 54  70,34%1,36 97,07°+1,63 211,59%+3,95 9,05¢+0,41
2 72 63,3042,55  101,30%+2,97 197,18+3,5 5,349+0,55
2,5 90 61,52¢+0,7 105,20%+0,42 190,41°%+3,38 4,46°+0,53
3 108 59,19%+1,49 115,41°+3,2 184,65%+3,47 3,52°+0,27
3,5 126 54,67%+1,32 122,78'+3,76 171,49%+3,91 3,08"+0,17
4 144 47,82°+1,35 130,07%+4,36 158,26%+3,53 2,12%+0,14
45 162 41,46"+1,56 137,90"+3,11 133,94%+1,34 2,08+0,16
5 180  32,30%1,09 139,21"+3,97 111,83%2,29 1,94%+0,15

Cac gia tri cung mot cot co ky tw in thuong khac nhau thé hién sw khdc biét co y nghia thong ké ¢ p<0,05
Qué trinh 1am ndng nguyén lidu ciia vi song ciing 1a qua trinh truyén nhiét nhung n6 khong phai 1a truyén
nhiét théng thuong theo kiéu ddi luu rdi dan nhiét ma 14 truyén nhiét theo phuong thire birc xa nhiét nho
song dién tur phat ra tir [0 vi song. Chinh song dién tir ndy mang nang lu'ong va truyen dén cac phan tir ludng
cuc va cdc ion c6 trong nguyén liéu nhu 1a nude, lipid, dudng, mudi, cac chat hoa tan va lam cho ching
dao dong, chuyen dong hon loan tir d6 sinh ra ma sat nhiét. Cho nén, dudi tic dung cta vi song chu yéu la
nudc trong cac té bao thuc vat bi nong 1én nhanh chong, ap suit bén trong tang dot ngdt lam cho cac mo bi
v& va lam cat dut cac lién két trong nguyén lidu [22]. Qua do, ta thdy rang truyén nhiét vi song lam nong
nguyén liéu nhanh va dong déu trong toan b cAu triic nguyén liéu, chinh vi vAy ma thoi gian vi song dé
diét men tra xanh khong can qua nhiéu thoi gian nhu cac phuong phap diét men thong thuong.
Theo két qua & Bang 4, trong khoang thoi gian 2 dén 3 phut vi song thi nhiét do bé miat khdi nguyén liéu
dd néng 1én 101 dén 115°C. Pay ciing 1a khoang nhiét 6 di 16n dé bién tinh khong thuin nghich enzyme
PPO c6 trong nguyén liéu. Bén canh do, trong khoang thoi gian nay d¢ 4m nguyén liéu giam dén murc hoan
hao cho cong doan tiép theo d6 1a vo tra. Tuy nhién dé quyét dinh lya chon thoi gian nao trong khoang 2
dén 3 phut vi song thi can c6 can ctr thém vé tiéu chi khac d6 1a hiéu qua tiéu diét enzyme PPO va TPC con
lai. Cu thé, & 2-2,5-3 phut thi TPC con lai twong tmg 13 85,4%-82,4%-80%. Trong khi d6 hiéu qua tiéu diét
enzyme PPO tuwong tmg & khoang thoi gian trén 1an lugt 14 67,8%-73,1%-78,8%.
Néu xét theo thi tu wu tién cac tiéu chi dé chon thoi gian vi song thich hop thi hidu qua tiéu diét enzyme
PPO duogc xem 1a hang dau, tiép dén 12 do 4m nguyén liéu va sau cung 1a TPC. Do d6, thoi gian vi song
thich hop 1a 3 phit & mirc cong suat 600 W.

4. KET LUAN

Cac phuong phap diét men tra xanh c6 sy hd tro clia vi song bao gém: vi séng, chan+vi song, hip+vi séng,
vi song+hap va vi song+chan déu cho hiéu qua tiéu diét enzyme PPO cao hon so v6i cac phuong phap diét
men thong thudng nhu: chin, hap va sao.

Trong céc phuong phap diét men tra xanh ¢ hd trg vi song thi phuong phap hap+vi song cho két qua tot
nhét khi loai bo dugc 70,7% hoat tinh enzyme PPO ma van gitt lai duge 83,35% lugng polyphenol so véi
ban dau.
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Cong suat va thoi gian vi song da dugc t6i wu & diéu kién: Mirc cong suit phat song 600 W va thoi gian vi
song la 3 pht. O diéu kién t6i uu nay, hiéu qua diét men dat 78,8%, TPC con lai 80% so voi ban dau. Pong
thoi, d6 am nguyén liéu dat 59,19% rat tot cho qué trinh vo tra tiép theo.

LOI CAM ON
Nhom tac gia xin cam on sy hd tro lién quan dén dung cu, thiét bi, co s& vat chit dén tir Vién Cong nghé
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INACTIVATION OF GREEN TEA POLYPHENOL OXIDASE BY MICROWAVE

DO VIET PHUONGS", NGUYEN DUC VUONG, HO THIEN HOANG, NGUYEN TRUONG XUAN,
TRAN HO ANH DUY
Institute of Biotechnology and Food technology, Industrial University of Ho Chi Minh City
“Corresponding author: dovietphuong@iuh.edu.vn

Abstract. Polyphenol oxidases are a group of oxidative enzymes that catalyze phenolic compounds. For
high-quality green tea production, complete inactivation of these enzymes during the killing stage is
essential. This research aims to improve the efficiency of polyphenol oxidase inactivation using microwave
technology. The study evaluates the effectiveness of polyphenol oxidase inactivation using eight different
techniques: blanching, steaming, pan-firing, microwaving, blanching with microwaving, steaming with
microwaving, microwaving with steaming, and microwaving with blanching, applied to various
components of raw materials, including buds, leaves, stems, and tea buds. The results showed that, for tea
leaves, all enzyme inactivation methods have similar efficiency, with enzyme inactivation efficiency over
72.42%. For other components, such as buds, stems, and tea buds, the microwave-assisted methods provide
better enzyme inactivation efficiency than traditional techniques like blanching, steaming, and pan-firing.
Among these, the steaming combined with microwaving method was the most effective, reaching an
inactivation efficiency of 70.7%. Additionally, when using microwave power at 600 W for 3 minutes,
enzyme inactivation efficiency increases to 78.8%. This research outcome can be applied to real-world
production, especially as industrial microwaves are now widely used.

Keywords: Green tea, efficiency, enzyme inactivation, microwave, polyphenol oxidase.
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