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Nghién ctru cac diéu kién thity phan phy pham c4 hoi
(Salmo salar) nham thu nhan peptit mach ngan
coO hoat tinh chong 6 x1 hoa
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Tém tit: Peptit c6 hoat tinh sinh hoc 1a nhitng protein c6 mach ngén khoang tir 2-20 a xit amin, ¢
kh01 lugng phan tr dudi 10000 Da. Nhing peptit nay ngoal gia tri dinh dudng chiing con c6é mét
s6 anh huong dic biét dén chirc ning sinh 1y cua co thé, gitp ting cuong va nang cao suc khée cua
con ngudi nhu kha ning chdng 6 xi hoa, khang vi sinh vét, kha nang diéu hoa mién dich. Cho dén
nay da co nhiéu loai peptit c¢6 hoat tinh sinh hoc dugc tach chiét va xac dinh tir cac nguf“)n thuc
pham khac nhau nhu: dong vat (ca, sita, trimg, noc ran,...), thuc vat (dau tuong, nam,...). Trong
nghién clru ndy chung toi da xéac dinh diéu kién thiry phan phu pham ca hoi (Salmo salar) dé thu
nhan duoc peptit mach ngan ¢6 hoat tinh chong 6 xi hoa. Két qua thu duoc phu phim c4 hdi duoc
thily phan bang Trypsin 2% & pH 8,5, nhiét d6 40°C trong 2 gio, t1ep theo dugc thiy phén béng
Alcalase 2% & pH 8,0, nhiét do 55°C trong 2 gi0, sau d6 duogc loc tiép tuyén qua mang 30kDa va
10kDa. Dich thiy phan thu dugce c¢6 ham luong a xit amin dat 29,48 mg/ml va c6 hoat tinh chéng 6

xi hoa do qua kha ning bit gbc tw do DPPH (SC) 1a 70,34%.

Tir khéa: Ca hdi, thiry phan protein, peptit ¢6 hoat tinh sinh hoc.

1. Mé dau

C4 hdi (Salmo salar) 1a ngudn loi thuy san
quy, chira nhidu chit c6 loi cho stc khoe nhu
cac vitamin, DHA, cac nguyén td vi chit va
nhiéu a xit amin. O Viét Nam, ca hdi duoc
uvom, nudi 6 Sapa (Lao Cai), Pa Lat (Lam
Pong), Lang Son, Bic Giang va mot sb dia
phwong khéc,... Theo “Quy hoach phat trién ca
nuée lanh dén nam 2020, tim nhin 2030” cta
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B6 Nong nghiép va Phat trién nong thén wdc
tinh tong san luong nudi ca nude lanh dén nam
2015 dat 3460 tan (c4 hoi la 1448 tin), dén nim
2020, san lwong nudi dat 10000 tan (c4 hdi la
2713 tan) [1].

Trong qué trinh ché bién ca, mot luong 16n
cac san ph?im phu (xwong, da, vun thit,...)
thuong duogc ché bién 1am thuc an cho tém, c4,
gia stic hodc st dung cho cac san pham c6 gia
trj kinh t& thap nhu ché bién thanh bot c4, dau
ca hay lam dau diezel sinh hoc. Phuy phérn ca
hdi ciing chira mot ham luong protein 16n va co
mot sb ung dung nhu: ché bién dd hop, san Xuét
nudc mam, tinh ché collagen,... Chinh vi véy,
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viée ché bién, xtr Iy cac phu phim ca hdi nhim
thu dugc protein ¢6 gia tri thuong mai cao hon
dong thoi tranh cac van dé vé méi truong dang
dugc quan tdm nghién ctu. Trong do, viéc thuy
phan bang enzym dé thu hdi protein tir phu
phérn ca la moét cach tiép can hi¢u qua va dugc
ung dung rong rai [2-4].

Nghién ctru ctia See va tap thé (201 1) da su
dung enzym thuy phén protein tr ngudn phu
pham tir c4 hoi dé tao ra cic peptit va cac a xit
amin c¢6 gia tri dinh dudng cao. Str dung enzym
Alcalase 2.4 L dé thiry phan protein tir da ca hdi
& nhiét d6 tir 55,3°C, pH 8,39 véi ty 1€ enzym la
2,5% da tim dugc mirc d¢ thiy phan cao nhat
dat 77,03% [5]. Cac protease nhu Alcalase,
Bromelain hay mot s protease thuong mai
khac nhu Trypsin, Flavourzyme da duoc sur
dung dé thuy phan mot sb nguyén lidu phu
phim thuy san thu duoc hiéu qua cao [6, 7].
Céc nghién cuu da danh gia hoat tinh cta cac
peptit thu dugc tir thiy phan da ca hdi cho thay
chung c6 kha ning chdéng 6 xi hoa, khang
khuan, lién két canxi [5].

Hién nay, 6 Viét Nam chua c6 cong trinh
nao cong bd vé nghién ctru cic peptit mach
ngin tir c4 hdi dé sir dung 1am nguyén liéu ché
bién thyc pham chirc ning. Trong nghién ciru
nay, ching t6i di xac dinh cac diéu kién thuy
phan phu phdm c4 hdi dé thu nhan dugc peptit
mach ngfm c6 hoat tinh sinh hoc va danh gia
hoat tinh sinh hoc cta cac peptit thu nhan dugc.

2. Nguyén liéu va phwong phap
2.1. Nguyén liéu va héa chat

Phy pham trong qua trinh ché bién ca hoi
nhu: vyn thit, da dugc thu mua bao quan lanh tir
Sapa (Lao Cai), van chuyen vé phong thi
nghiém. Phu phim ca hoi dugc rira sach, cat
nho kich thuéc khoang 1x1 cm, xay nhuyén
chia thanh nhiéu phin déu nhau cho mdi lan thi
nghiém. Mau dugc bao quan -20°C cho dén khi
su dung.

Cac hoa chéat Alcalase 2.4L, Trypsin cia
Novozymes, 1,1—diphenyl-2-picryl-hydrazyl

(DPPH), pyridine, a xit L-glutamic va mot sd
hoéa chat khac ctia hang Sigma (My), Mecrk
(btc), Thermo Scientific (Ptc)...

2.2. Thiét bi

Céc thiét bi chinh bao gdm tii 4m cia hing
Memmert (Diic), may khudy tir gia nhiét cua
hang Cole Palmer (M), may vortex (M¥), may
short spin ctia hang Hermle (M¥), may ly tdm
lanh cta hang Orto Iresa (Tay Ban Nha), hé
thong loc tiép tuyén AKTA flux cua hing GE
Healthcare (Uc).

2.3. Phuwong phap

2.3.1. Xac dinh thanh phﬁn héa hoc ctia phy
pham cé hoi
D6 4m, ham luong protein va lipit cua phu
phim c4 hoi dwoc xac dinh theo cic phuong
phéap nhu trong Bang 1.
Bang 1. Phuong phép x4c dinh thanh phan hoa hoc
cua nguyén licu.

Thanh phan Phuong phap

bo am Say dén khoi lvong khong doi
[8]

Ham luong Phuong phap Kjeldahl [8]

protein tong sb

Ham lugng lipit  Phuong phap Soxhlet [8]

2.3.2. Phuong phap tach lipit khoi phu
pham c4 hdi [9, 10]

Phu phdm c4 hoi d3 xay nho sau khi r3 déng
s€ dugc xur 1y tach lipit theo 2 cach:

- Tach lipit bang nhiét [9]: Phu phdm c4 hoi
xay nho dugc bd sung nudc theo ty 18 1:1 (khdi
luong/thé tich), lic déu véi téc do 200
vong/phut, gia nhiét 95°C trong 1 gio, sau do
tién hanh ha nhiét do hén hop vé nhiét do
phong, ly tam tdc do 10 000 vong/phut trong 15
phat & 4°C @ phan 16p lipit. Sau khi loai bo
lipit hdn hop phu phdm dwogc sir dung cho cac
nghién ctru tiép theo.

- Tach lipit bang hén hop dung moi ethyl
ether/ethanol [10]: Hon hop phu pham ca duoc
xtt 1y v6i dich ethyl ether/etanol (3:2 [thé
tich/thé tich]) theo ty 18 1:1 (khdi luwong/thé
tich) trong 1 gio, & nhiét do -20°C, khudy déu.
Tiép theo, tién hanh loai bd dich ndi, thay ddi
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dung méi ethyl ether/etanol lanh véi cac ty 16 lan
luot 12 1:3; 1:1; 3:1; bude cubi cung chi st dung
ethyl ether. Sau khi loai bo dich ndi, siy kho thu
duoc hdn hop phy pham c4 da tach lipit.

Hicu sudt tach lipit = 2> x 100 (%)

Xt: Khéi lugng nguyén liéu ban dau

Xs: Khi lwong nguyén liéu sau khi tach lipit

2.3.3. Phuong phap thily phan bang enzym [11]

Phu phim c4 hoi sau khi tach lipit duoc bd
sung nudc theo ty 18 1:1 (khdi lugng/thé tich),
khuay déu tao thanh hdn hop dong nhat. Hon
hop duogc thuy phan bang enzym Alcalase hodc
Trypsin trong cac phan tng véi ty 1& nong do
enzym/co chat thay doi tir 1-5% tuong tng lan
luot voi hoat d§ ctia Alcalase tir 0,024 U/g -
0,12 U/g va Trypsin tir 2,5x10* USP Ulg;
12,5x10" USP U/g. Tién hanh thiy phan
nguyén lidu trong bé didu nhiét v6i nhiét do
(45-60°C cho Alcalase va 30-45°C cho Trypsin)
cung voi pH méi trudng thay ddi tir 7,0 dén 9,0
(str dung NaOH 0,1N d¢ diéu chinh), trong thoi
gian thuy phan tir 1 dén 6 gio. Khi két thiic qua
trinh thiy phan, cac enzym dugc bit hoat bang
cach xir Iy hdn hop & 90°C trong 10 phut, dua
mau vé nhiét d6 phong va ly tdm véi tde do
10.000 vong/phut trong 15 phut tai 4°C, thu iy
dich trong, loai bo tua. Phan dich trong tiép tuc
dugc loc tiép tuyén sir dung hé thong AKTA
flux véi mang loc theo thur ty 30kDa va 10kDa.
Dich lgoc sau d6 dugc xac dinh ham lugng
peptit, a xit amin va kha ning chng 6 xi hoa.

2.3.4. Phuong phap dinh lugng axit amin
bang ninhydrin

0,1 ml dich loc duoc cho vao 6ng nghiém,
b6 sung 1 ml pyridine 20% va 1 ml ninhydrin
2%, 0 mau tai nhiét d6 70-75°C trong 7-10
phut, sau do le”iy ra dé ngudi ¢ nhiét do phong.
Sau 30 phut, xac dinh d hap thu cta mau bang
do quang phd & budc séng Asy nm va dua vao
duong chuin glutamic dé xac dinh ham luong a
xit amin c6 trong mau thir.

2.3.5. Xac dinh hoat tinh chéng 0 xi hoa cua
protein  bang  1,1-diphenyl-2-picrylhydrazyl
(DPPH) [9]

0,1 ml dich loc duoc cho vao 6ng nghiém,
bd sung 1,9 ml dung dich DPPH trong methanol

99%, u 20 phut trong diéu kién khong co anh
sang, & nhiét do phong. Hoat tinh chong 6 xi
hoa dugc danh gia thong qua gia tri hap thy anh
sang ciia mau nghién ctru so véi dbi chimg tai
budc song Asi; nm.

Ti 1& % hoat tinh bat gbc ty do DPPH

=—OD8§CD = x 100

Trong d6: ODc la gia tri mat d0 quang cua
chung am

ODm 1a gid tri mat do quang clia mau
nghién ctru

3. Két qua nghién ciru
3.1. Thanh phan héa hoc ciia phu pham cd hoi

Két qua xac dinh mot sé thanh phan héa
hoc cua nguyén liéu phu phim cé hdi dugc thé
hién ¢ Bang 2 cho thdy day la mot nguén giau
protein th v6i ham luong protein tong s0 lén
dén 30,21%; ham luong lipit va d6 4m lan luot
1a 17,74% va 48,45%. Ham lugng protein trong
phu phdm c4 héi cao hon so Vol ca tuyét (da
chira 27%, dau 15%, xwong song chua 16%
protein), da ca trich (16% protein) [12]. Do
luong protein thd trong nguyén li¢u chinh la
lwong protein t6i da co thé thu duoc [13], nhu
vy phu phim c4 hdi 13 mot ngudn thu protein
tiém nang.

Béng 2. Thanh phan hoa hoc ctia phu pham cé hoi

Thanh phan
b6 4m 48,45

Ham luong (%)

Ham lugng protein tong s6 30,21

Ham lugng lipit 17,74

3.2. Pdnh gid hiéu sudt tach lipit khéi phu
phédm cd hoi

Viéc tach lipit khoi nguyén liéu trudc khi
thily phan s€ giup tdng ham lugng protein thu
duoc va dé dang cho viéc bao quan ciing nhu
tdt hon v& mit cam quan [14]. Trong nghién
clru nay, chung t61 s dung 2 phuong phap tach
lipit bang dung moi va bang gia nhiét. Két qua
dugc thé hién ¢ Hinh 1 cho thdy, phuong phap
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tach chiét bang dung mdi cho hiéu suit cao hon
10% so véi tach bang nhiét. Piéu nay co thé
giai thich do trong diéu kién nhiét do cao
(95°C) s€ khién cac protein bi pha \ céu trac
cudn xodn khién cac phan tir lipit bj méc ket lai,
giam kha nang giai phong ra ngoai [15].

Tuy nhién sy chéch 1&ch hi¢u sudt gitta hai
phuong phap 1a khong qua 16n, hon nita viéc
dung dung moéi thuong it dugc st dung trong
cong nghiép thuc pham do d6 doc hai. Vi vay,
phwong phép tach lipit khoi phu phdm ca hoi
b?mg gia nhiét s€ duoc lua chon cho cic nghién
ctru tiép theo.

75.28
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Hinh 1. So sénh hi¢u suét tach lipit tr phu phdm c4
hoi bang 2 phuong phap.

3.3. Xac dinh diéu kién thity phan phu pham cd
hoi nham thu nhdn peptit

Trong nghién ctru nay, phan tng thuy phan
phu phdm c4 hdi bang enzym s& dugc tién hanh
trong cac diéu kién khac nhau, danh gia hi¢u
qua phan tng thuy phan bang cach dinh luong
ham luong a xit amin va kha nang bao vay goc
tu do DPPH dé luya chon dleu kién t6i uu nhat.

3.3.1. Anh huéng cia nong do enzym dén
phéan ung thtuy phan

Véi ciing mot lugng nguyén lidu, tién hanh
phan tng thuy phan voi Alcalase va Trypsin ¢
cac ndng d6 enzym khéc nhau, két qua thu duoc
nhu & Hinh 2 cho thiy véi ca Alcalase va
Trypsin & ty 1¢ enzym/co chét 1a 4% ham luong
axit amin thu dugc 13 cao nhit: 17,33 mg/ml
(Trypsin) va 18,64 mg/ml (Alcalase) voi % hoat
tinh bat gbc tuw do DPPH tuong Gng 1a 54,46%
(Trypsin), 33,06% (Alcalase). Do do ty 1€

enzym/co chét trong phan tng thuy phan la 4%
duoc str dung cho cac nghién ctru ti€p theo.
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Ham lugng a xit amin
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Ty 1én enzym/co chit (%)

Hinh 2. Anh hudng ciia ndng do enzym dén phan
ung thuy phan phy pham ca hoi.

3.3.2. Anh huong cua pH méi truong dén
hiéu qua phan tng thuy phan

pH anh huong dén mic d ion hoa co chat
va d6 bén cia enzym nén anh huéng dén kha
nang hoat dong cuia enzym. Trong nghién ctu
nay, két qua anh hudng ciia pH dén phan tmg
thiy phan phu phim ca hdi (Hinh 3) cho thiy
tai pH 8,5 voi Trypsin va pH 8,0 voi Alcalase
ham lugng a xit amin thu dugc trong dich thuy
phan 13 cao nhét: 17,29 mg/ml (Trypsin), 18,57
mg/ml (Alcalase) voi hoat tinh bit gbc tw do
tuong ung 1a 53,92% (Trypsin), 33,13%
(Alcalase). Vi vay pH 8,5 v6i Trypsin va pH 8,0
v6i Alcalase duoc sir dung dé thity phan.

25.00
g
E 20,00
=

= 15.00 1
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= B Alcalase
E 500
jan)
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7.0 7.5 8.0 8.5 9.0 pH

Hinh 3. Anh huong cua pH moi trudng dén kha ning
thiy phan phu pham ca hoi cua Alcalase va Trypsin.

3.3.3. Anh huéng cua nhiét do dén phan
ung thuy phan

Thong thuong, khi nhi¢t d¢ ting s€ lam
tang van téc cia phan tmg va hoat tinh enzym
tang theo, tuy nhién dén nhiét d6 t6i han s& 1am
bién tinh protein, bat hoat enzym va phan tmg
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thuy phan bi ngung lai. Trong nghién ctru nay,
két qua Hinh 4 cho thdy, khi phan tng thuy
phan xay ra tai nhiét do 40°C véi Trypsin va
55°C véi Alcalase thu dugc ham lugng axit

amin 13 cao nhat 17,51 mg/ml (Trypsin), 18,94
mg/ml (Alcalase) v6i % hoat tinh bat goc tw do
tuong ung la 56,6% (Trypsin) va 33,72%
(Alcalase).
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Hinh 4. Anh hudng ctia nhiét do dén phan Gmg thity phan phu pham c4 hdi bang enzyme.

3.3.4. Anh huéng cua thoi gian dén phan
ung thuy phan

Két qua khao sat anh huéng cua thoi gian
dén hiéu qua qua trinh thiy phan (Hinh 5) cho
thiy, sau 4 gid thuy phan luong san pham méi
tao thanh thay d6i khong nhiéu voi Trypsin,
gidm voi Alcalase. Ham lugng axit amin thu
dugc cao nhét khi thiy phan 4 gio v6i Alcalase
la 17,03 mg/ml va Trypsin la 18,86 mg/ml vdi
% hoat tinh bat gbc tu do tuong tng la 54,03%
(Trypsin), 33,68% (Alcalase).

25.00
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f Z15.00 -
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Hinh 5. Anh huéng cua thoi gian dén phan tng thuy
phén phu pham ca hoi bang enzyme.

Trong quéa trinh thiy phan cac lién két
peptit nhay cam s& duoc phan cit trude voi toe
do nhanh, sau d6 cac lién Kkét it nhay cam hon
s& dugc phan cét v6i toc do chdm hon [16]. Mat
khac, ¢ giai doan sau ctia qua trinh thiy phan,
cac san phém s& canh tranh véi co chét con lai
& vi tri bam dinh ciia protease, 1am {rc ché phan
g thuy phéan [11]. Két qua 1a khi kéo dai thoi

gian phan tung lwong san phdm méi ting khong
nhiéu. Cac nghién ciru thoi gian thity phan khac
nhau tir 1 dén 5 gio' dd duoc tién hanh twong tu
[17-19] khi thoi gian thily phan dai hon 5,5 gio
khong thdy ting ning suat thiy phan, qué trinh
thiy phan dung lai sau 4 gio [20].

Nhu vdy, diéu kién thich hop cho phan tng
thity phan phy pham ca hoi bang Alcalase 1a 4%
enzym, tai 55°C, pH 8,0, trong 4 gid va diéu
kién thich hop ctua Trypsin 1a 4% enzym, tai
40°C, pH 8,5 trong 4 gid. Mic du diéu kién tdi
vu cia Alcalase di duogc nha san xuat cong bd
(50-60°C, pH 8,0) tuy nhién c6 sy khac biét khi
sit dung cac co chit khac nhau nhu Normah va
tap thé (2005) da xac dinh diéu kién tdi wu dé
Alcalase thuy phan c4 dong 1a 60°C, pH 8,5 [7]
hay v6i thit den ciia ca ngir van 1a tai 65,4°C,
pH 8,86 [6].

3.3.5. Diéu kién thiy phan phy pham c4 hoi
dé thu nhan peptit mach ngin c6 hoat tinh
chéng 6 xi hoa

Két qua xac dinh cac diéu kién thiry phan
phu pham c4 hoi cho thiy hiéu suét thity phan
bang Alcalase cao hon thuy phan bang Trypsin,
trong khi d6 hoat tinh chéng 6 xi héa cta dich
thity phan bang Trypsin cao hon dich thiy phan
bang Alcalase. Do d6 dé xay dung quy trinh
thiy phan v6i hidu xuét thiy phan va hoat tinh
chéng 6 xi héa cao ching t6i tién hanh thiy
phan phu phim ca hdi bang viéc két hop 2
enzym Trypsin va Alcalase.
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Béang 3. Két qua thay phan phu phdm c4 hdi béng hai enzym Trypsin va Alcalase

. Khéilugng ~ Thétich  amluong % Hoat tinh
Mau bi(g)  dich(ml ~ AXAMIN K66 xi hoa
& - (mg/ml) £
Alcalase 4% (4 gio) 23,57 72 18,87 33,05
Trypsin 4% (4 gio) 31,72 62 17,53 56,62
Alcalase 2% (2 gio) »Trypsin 2% (2 gio) 20,13 73 21,20 64,72
Trypsin2% (2 gio) » Alcalase 2% (2 gio) 18,33 81 29,48 70,34
Alcalase 2% + Trypsin 2% (4 gid) 22,24 72 20,02 59,45

So sanh két qua thiy phan cing mot lwong
nguyén li€u véi cung thoi gian va luong enzym
nhu nhau (4% enzym, thoi gian thuy phan 4 gio),
két qué thu duoc thé hién trong Bang 4 cho thay,
mau thity phan véi enzym Trypsin 2% trong 2 gi¢
sau d6 thity phan tiép bang Alcalase 2% trong 2
gitr thu dugc luong b it nhét (18,33 g), thé tich
dich thily phan 16n nhat (81 ml), ham lwong a xit
amin cao nhét dat 29,48 mg/ml va hoat tinh chng
6 xi héa cao nhét dat 70,34%.

4. Két luan

Phu phim c4 hdi c6 ham luong protein téng
s0, lipit va do am lan luot 1a 30,21%; 17,74%
va 48,45%. Phuong phép tach lipit bang gia
nhiét dat hi¢u suat 75,28%.

Diéu kién thiry phén phu pham c4 hdi dé thu
nhén peptit mach ngan c6 hoat tinh chéng 6 xi
hoa nhu sau: phu pham c4 hdi sau khi tich m&
bang nhiét duoc thém nudc ty 16 1:1 (khdi
luong/thé tich), tién hanh thiy phin bang
Trypsin 2% & pH 8,5, nhiét do 40°C trong 2
gio, tiép theo thily phan bang Alcalase 2% & pH
8.0, nhiét do 55°C trong 2 gid, sau do loc tiép
tuyén qua mang 30kDa va 10kDa.

Dich thuy phan thu dugc c¢6 ham lugng a xit
amin dat 29,48 mg/ml va c6 hoat tinh chéng 0
xi héa do qua kha ning bat gbc ty do DPPH
(SC) 1a 70,34%.

Loi cam on

Nghién ctru ndy dugc hd trg kinh phi tr deé
tai “Nghién ctru tach chiét peptit mach ngin c6

hoat tinh sinh hoc dé san xuét thuc phém churc
nang danh cho bd d6i lam nhiém vu dac biét”,
s0 DT.04.16/CNSHCB cua B§ Cong Thuong.
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Study of Hydrolysis Conditions of Salmon Waste
to Collect Antioxidant Peptides

Tran Kieu Anh', Nguyen Ha Trung', Nguyen Khanh Hoang Viet',
Nguyen Thi Hong Loan?, Pham Kien Cuong'

!Institute of New Technology, 17 Hoang Sam Str, Hanoi, Vietnam
ZFacuZZy of Biology, VNU University of Science, 334 Nguyen Trai, Thanh Xuan, Hanoi, Vietnam

Abstract: Bioactive peptides are considered short chains of 2-20 amino acids, with molecular
weights of less than 10 000 Da. They not only have nutritional value but also have positive impacts on
body functions and promote health as activities antioxidant, anti-microbial, antithrombotic,
immunostimulatory. Many bioactive peptides have been isolated from difference foods: from animal
(fish, milk, snake venom,...), from plant (soybean, mushroom,...). In this study, we selected hydrolysis
conditions of Salmon waste to collect antioxidant peptides. The results show that the appropriate
hydrolysis conditions were: Trypsin 2%, pH 8.5, temperature 40°C in 2 hours then Alcalase 2%, pH
8.0, temperature 55°C in 2 hours, after that they were obtained by ultrafiltration of protein hydrolysate
through molecular weight cut-off membranes of 30kDa, 10kDa. The hydrolysis protein solution
contains 29.48 mg/ml amino acid and DPPH radical scavenging capacity is 70.34%.

Keywords: Salmon, protein hydrolysis, bioactive peptide.



