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Nghién ctru nay khao sat thanh phan hoa hoc ciia phu phim cam sanh (Citrus sinensis) va danh gia
hiéu qua thu nhan ché pham giau SDF bang phwong phap trich ly c6 hd trg vi song (AMAE) va siéu
am (AUAE) trong dung dich acid citric. Phy phim cam sanh chtra ham lugng carbohydrate cao
(89,06% cbk), trong do chét xo téng s6 chiém 75,22% voi ty 1&¢ SDF/IDF céan ddi. Két qua cho théy,
AMAE ¢ 40-60 W/g, 300-420 gidy cho hi¢u suat thu nhan 24,31-34,56% véi thanh phan chit xo &
diéu kién tbi uvu 50,30% SDF va 18,08% IDF, cung cac dac tinh hoa Iy nhu d6 hoa tan 73,30% WS va
d6 bén nhii 79,78% ES tét hon AUAE ¢ 12-40 W/g, 5-15 phuat (23,91-32,56% hiéu suét, 41,45% SDF
va 20,44% IDF), kém hon ¢ kha nang gitt nuéc (WHC), truong no (WSC) va tao nhii (EC). Nhin
chung, AMAE la phuong phap hiéu qua hon dé thu nhan ché pham giau SDF tir phu phdm cam sanh,
mo ra tiém ning Ung dung trong san xuat thuc pham giau xo hoa tan.

T khoa: Trich ly, vi song, siéu am, chdt xo hoa tan, chat xo khong hoa tan, phu phcfm cam sanh.

1. DAT VAN BE

Cam quyt thudc loai cay an qud quan trong
duoc trong nhiéu nhat thé gisi v4i san lugng hang
nim hon 124 triéu tan [1], trong d6 cam chiém
56%, quyt chiém 17%, chanh chiém 11% va buoi
chiém 6% trong tong san luong hang nim cia chi
Cam chanh [2]. V6 va clii cam quyt 1a san phdm
phu ciia cac nganh cong nghiép ché bién nudc ép
va chiém 55-60% khdi luong trai cdy tuoi va
luong chat thai hing nam wdc tinh hon 15 tridu
tan trén toan cau [3]. Tuy nhién, vo cam la mot
nguon giau cac hop chét hoat tinh sinh hoc, bao
gdm cac chat chdng oxy hoéa tu nhién nhu:
Phenolic, flavonoid, tinh dau va chét xo [2, 4].

Chét xo thuc phém duoc phan loai thanh cac
phan hoa tan (SDF) va khong hoa tan (IDF) [5],
mdi phan mang lai nhiing loi ich stc khoe riéng
biét nhu cai thién stc khoe tiéu hoa, gidm
cholesterol va kiém soat duong huyét. Ngoai
nhitng loi ich stc khoe ndy, chit xo thyc pham
con cd céc dac tinh chirc nang nhu gitt nude, gitr
dau va tao gel, khién né tré thanh mot chat phu
gia thyc pham cong nghiép c6 gia tri dé cai thién
ham luong dinh dudng va két cu [6, 7].

Phuong phap chiét xuat hoa hoc, ching han
nhu xir 1y bang acid hodc bazo twong dbi don
gian va tiét kiém chi phi. Chung c6 thé duoc ap
dung cho nhiéu loai nguyén liéu thd, c6 hiéu suit
chiét xuat cao va lam thay ddi cau trac cling nhu
tinh chat cta chat xo [6, 8]. Han ché cua phuong
phap hoa hoc 1a sy chuyén d6i SDF thap va duoc
xem 1a nhém doc hai khi thuc hién ¢ diéu kién
khic nghiét [9]. Qua trinh thyc hién c6 thé dan
dén sy phan huy cac polysaccharide c6 cac nhom
chirc nhu nhém hydroxyl va carboxyl anh hudng
dén thanh phan cau tric va dic tinh chirc ning
ctia chit xo thu dugc [10, 11].

Phuong phap xt 1y bang vi song (MAE) va
siéu am (UAE) 1a cac k¥ thuat hd trg trich ly da
dugc ung dung rong rai nham ting cuong truyén
khdi, rat ngan thoi gian xu ly va diéu chinh dic
tinh ctia chat xo thu dwoc nhu trich ly tir bi tao
[12], vO ca phé [13], vO xoéli [14]. Nang luong Vi
song ¢ thé xuyén truc t1ep qua vat liéu thanh té
bao dé dén trung tAm mAu, gitp miu duoc lam
néng nhanh, do d6 tiét kiém thoi gian va ning
luong hon [15, 16]. Ngoai ra, vi song c6 thé lam
ting 4p sudt ndi bao trong md, pha v& thanh té
bao va giai phong cac hoat chat [17]. Bén canh
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do, xir 1y bang song siéu am tao ra hién tuong v&
bong bong khi lam tang sy khuéch tan dung mai,
giam tré luc truyén khdi va lam suy yéu ciu trac
mé6 thuc vat, anh huong dén hinh thai cuaa
polymer carbohydrate [18], dan dén su hoa tan tot
hon cta cac thanh phan trong nguyén liéu. Mic
du, viéc két hop xtr 1y acid véi vi séng/siéu am dé
thu pectin hodc polysaccharide tir nhiéu ngudn
phu phim qua c6 mui di dugc thyc hién, nhung
céc nghién ctru so sanh truc tiép hiéu qua cia acid
citric két hop MAE va UAE dé hd trg trich ly ché
pham giau SDF tir phy phim cam sanh van con
han ché. Vi vay, nghién ctru nay dugc thyc hién
nhim danh gia va so sanh hai ky thuat hd trg
trong cung diéu kién acid citric va nguyén liéu
dau vao.

2. VAT LIEU VA PHUDNG PHAP NGHIEN CUU

2.1. Vit liéu nghién ctru

2.1.1. Nguyén liéu

Phu phém cam sanh duogc thu nhan truc tiép
tr Cong ty TNHH MTV VinaGreenCo (phuong
Cai Von, tinh Vinh Long). Phu pham dugc thu
nhdn sau moi ca san xuat (4-6 gio), dong goi
trong bao nhwa PA (10 kg), van chuyén vé phong
thi nghiém trong vong 2 gi¢ trong diéu kién nhiét
dd moi truong.

2.1.2. Dung cu va hoa chat

Hoa chat: Bo kit phan tich chat xo (Megazyme,
Ireland), acid 2-(N-morpholino) ethanesulfonic
(Merck, Drrc), tris (hydroxymethyl) aminomethane
(Merck, Duc), acid clohydric (Merck, Duc), acid
citric khan (Trung Quoc), acetone (VietChem, Viét
Nam), ethanol (Viét Nam).

Thiét bi: Lo vi song (J-Tech Inverter R-
C932XVN-BST, Sharp, Viét Nam), bé siéu am
(UCP-10, Jeio Tech, Han Qudc), may ly tim
(Z206A Hermle, Puc), may dong hoa ULTRA-
TURRAX® T (IKA, Ptic) va mot so thiét bi, dung
cu thuy tinh thong thudng trong phong thi nghiém.

2.2. Phwong phap nghién ctru
2.2.1. Chudn bi mdu

Phu phém cam sanh sau khi thu nhan, vé
xanh duoc loai bo. Phan vo trang, cui va bao tép
con lai dugc rira sach bang nude chay tran dé loai
b6 phan thit qua con sot lai, dé rao. Sau do, cac
thanh phan nay dugc thai nho va xir 1y bang cach
ngam trong ethanol 96% va&i ty 1€ 1:3 (w/v) trong

30 phiit & 60°C bang hé thong chung hoan luu
v6i 6ng sinh han rudt ga 40 cm va nhiét ké, tuong
mg vao 2 ¢d cta binh cau. Sau khi xir 1y bang
ethanol, mau duoc rira lai bang ethanol 70% (v/v)
va sdy kho & 60°C dén khi dat khéi luong khong
d6i (46 am khoang 4%). Nguyén liéu kho duoc
nghién bang may xay SK200 (SEKA, Tokyo,
Nhat Ban) va bot thu nhan dugc sang qua ludi loc
80 mesh dé dam bao kich thudc hat dong déu
[19]. Bot cam sanh dugc bdo quan hat chéan
khong trong tGi PA ¢ nhiét d6 phong (30°C) dé
sir dung cho cac phan tich tiép theo trong 4 tuan.

2.2.2. Phwong phép bé tri thi nghiém

- Trich ly acid két hop vi séng:

Bot phu pham cam sanh (10 g) duoc tron véi
400 mL dung dich acid citric 4%. Hon hop thyc
hién & 10 vi song (J-Tech Inverter R-C932XVN-
BST, Sharp, Viét Nam) trong binh cau 1.000 mL,
chiét hoan luu voi hé théng sinh han 10 xo 50 cm.
Ché d6 1 phut dimg 3 gidy dé tranh so6i trao,
khong khudy & cac cong suét (40, 50, 60 W/g) va
thoi gian (300, 360, 420 gidy) khac nhau. Sau
chiét Xuét, hon hop dugc lam ngudi vé nhiét do
phong va ly tim bang may ly tdm c6 rotor goc
6x50 (Z206A Hermle, Ptrc) véi luc 3.070 x g
trong 10 phuat, thu phan ndi. Tiép theo, dich trich
ly duoc két tha v6i ethanol 96% (v/v, ty 1& dich
trich va ethanol 1a 1:2) va dé yén trong 2 gid. Két
tia duoc loc va sdy kho ¢ 60°C dén khdi luogng
khong d6i (46 Am khoang 4%). Ché pham giau
SDF thu nhan dugc nghién va ray qua ludi loc 80
mesh, dugc goi [a AMAE. B0t thu dugc bao quan
trong tai PA & nhiét 6 phong (30°C) dé str dung
cho cac phan tich tiép theo.

- Trich ly acid két hop siéu dm:

Céc budc thyc hién voi acid citric tuong tu
acid két hop vi song. Qua trinh trich ly hd tro siéu
am thuc hién trong cdc thity tinh 1.000 mL bit kin
bang gidy nhém va dugc thuc hién bing bé siéu
am (UCP-10, Jeio Tech, Han Qudc) ¢ cac cong
sudt (12, 24, 40 W/g) va thoi gian (5, 10, 15 phut)
khac nhau. Quy trinh thu nhan ché phim giau
SDF duoc thuc hién nhu acid két hop vi séng va
duoc goi la AUAE.

2.3. Phuong phap phan tich cac chi tiéu
hoa ly

Hiéu sudt thu nhan (Y, %) duoc tinh theo
phuong trinh:
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Y (%) = (Mi/My) x 100

Trong do: M, la khéi luong cua ché pham xo
giau SDF sau say (g); M, 1a khoi lugng bot cam
dung d¢ trich ly (g).

Kha nang gitt nuéc dugc xac dinh theo
phuong phap dugc mo ta boi Dong va cs (2019)
[7], véi mot s6 sira d6i nho. Ché pham giau SDF
kho (W, 0,5 g) duoc tron voi 20 mL nude ct
trong 6ng ly tdm 50 mL. Sau khi can bang ¢ nhiét
d6 phong trong 24 gid, mau duoc ly tim bang
may ly tam cé rotor goc 6x50 (Z206A Hermle,
Purc) véi luc 3.070 x g trong 10 phit & nhiét do
phong. Phan dich ndi duoc loai bo va khdi luong
ctia phan cin ngdm nudc (W;) dugc ghi nhan.
WHC (g/g) dugc tinh bang phwong trinh:

WHC (g/g) = (W-W)/W

Kha ning gitt ddu duoc xac dinh theo
phuong phap dugc md td boi Sangnark va
Noomhorm (2003) [20] v6i mot s sira ddi nho.
Ché pham giau SDF kho (W, 0,5 g) dugc tron véi
dau dau nanh (5 mL) trong dng ly tam 15 mL.
Sau khi cin bang ¢ 4°C trong 4 gid, mau dugc ly
tam bang may ly tdm c6 rotor goc 12x15 (Z206A
Hermle, Puc) voi luc 3.070 x g trong 20 phut &
nhiét 46 phong. Phan dau khéng lién két duoc
loai bo va khdi luong cua phan cin dau con lai
(W) dugc ghi nhan. OHC (g/g) duogc tinh bing
phuong trinh:

OHC (g/g) = (Wi-W)/W

Kha nang hoa tan dugc xac dinh theo phuong
phap dugc mo ta bédi Wang va cs (2015) [11], voi
mot s6 stra d6i nho. Mot gam méau kho (W) duogc
tron voi nudce cat (5 mL) trong dng ly tim 15 mL.
Hoén hop duoc dun néng ¢ 90°C trong 30 phut
trong be 6n nhi¢t WNB10 (Memmert, Duc), khudy
déu mdi 5 phut trong 30 gidy va ly tim bang may
ly tdm co6 rotor goc 12 x 15 (Z206A Hermle, Durc)
voi luc 3.070 x g trong 10 phtt ¢ nhiét do phong.
Phan dich ndi duoc thu nhan, sdy kho ¢ 105°C dén
khdi lwong khong doi va can (W). WS (%) dugc
tinh bang phuong trinh:

WS (%) =W,/W

Kha nang nhii hoéa dugc danh gid theo
phuong phap cua Nandi va Ghosh (2015) [21],
v6i mot sd stra d6i nho. Cuy thé, 0,5 g ché pham
giau SDF kho6 dugc phan tan trong 50 mL nudc
cat ¢ cbc thuy tinh 100 mL va dong hoa bang

may dong héoa ULTRA-TURRAX® T (IKA,
buc) ¢ 10.000 vong/phut trong 1 phut. Sau do,
thém 50 mL dau dau nanh va hon hop duoc dong
hoa lai & cung téc d6 va thoi gian. Nhil twong thu
dugc chuyén vao hai ng ly tim 50 mL va ly tdm
bang may ly tim co rotor goc 6x50 (Z206A
Hermle, DPtrc) voi luc 3.070 x g trong 5 phat ¢
nhiét 46 phong. Sau ly tim, tong thé tich cta hé
théng (V) va thé tich cua 16p nhil tuong (EL.;)
dugc ghi lai. EC (%) sau d6 dugc tinh todn theo
phuong trinh:

EC (%) = (ELy; /V)) x 100

Pé x4c dinh do 6n dinh cua nhil twong (ES),
nhil trong mai tao ra (tur viée xac dinh EC) duoc
dun nong & 80°C trong 30 phut, sau d6 dé ngudi
dén nhiét d6 phong (30°C) va ly tim bang may ly
tam co rotor goc 6x50 (Z206A Hermle, Buc) véi
luc 3.070 x g trong 5 phat. Thé tich cua 16p nhil
turong con lai sau khi dun nong (ELyr) dugc ghi
nhan. ES duogc tinh toan duéi dang phan tram thé
tich nhil twong ban dau (EL,;) theo phuong trinh:

ES (%) = (ELy¢ /EL,;) x 100

Thanh phén chit xo dugc thuc hién theo
AOAC 991.43 [22]: Can 2 mau, mbi mau kho
chinh xac 1,0000+0,0005 g vao coc 500 mL,
thém 40 mL dém MES/TRIS (pH 8,2), dung
thanh khudy tir va khudy trén mdy cho dén khi
mau phan tan déu trong dung dich. Lan lugt thém
cac loai enzyme khac nhau tr by kit phéan tich
chat xo: 50 pL a-amylase u 98-100°C trong 30
phut trong bé 6n nhiét WNB10 (Memmert, Pirc).
Lay ra khoi bé 1am ngudi 60°C, dung thia cao gel
xung quanh va trang thanh cdc véi thia bang 10
mL nuéc cat bang pipet va thém 100 pL protease
u 60°C, 30 phat. Sau do, thém 5 mL dung dich
HCI1 0,561 N dé dat pH 4,1-4,6, thém 200 pL
amyloglucosidase u 60°C, 30 phut. Song song,
chay 2 méu tring cung voi mau dé xac dinh anh
huéng ctia hoa chat. Sau do, loc va rira can 2 lan
véi 10 mL nude cat 70°C, giir lai dich loc va
nudc rira dé xac dinh SDF. Rura phan cdn 2 lan
v6i 15 mL 1an luot ethanol 78%, ethanol 96% va
acetone, siy kho cin qua dém & 105°C thu dugc
x0 khong tan (IDF). Dich loc véi nudc rua thu
nhan dugc can va du doan thé tich, cho két tia
v6i ethanol 96% (ty 1€ dich/ethanol 1a 1:4) & nhiét
do phong trong 1 gid va rua can tuong ty nhu
IDF, say kho cin qua dém & 105°C thu duoc xo
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tan (SDF). P6i véi miu xac dinh chit xo tong sb
(TDF), dugc thuc hién tuong tu khi cho enzyme
b6 kit. Tiép theo, thém 4 1an thé tich ethanol 96%
(~ 225 mL) 60°C dé két taa va thyc hién loc rira
tha nhu trén. Mot phﬁn can ctia mdi loai xo duoc
phan tich ham luong protein va phan con lai dugc
phan tich ham lugng tro. TDF, IDF va SDF dugc
hiéu chinh bang protein, tro va mau tring:
R,+R-

Chit x0, (%) = _W:W_..x 100

Trong d6: R, 13 khdi luong cin 1 co trong
M;; R, 1a khéi lugng can 2 c6 trong M,; M, la
khéi luong mau 1; M, ;3 khdi luong mau 2; A 1a
khéi luong tro c6 trong Ry; P 1a khdi luong
protein co trong R; va B.

BR, +EBR.

B (mg) = Mau tring = L — Py —Ag x 100

Trong d6: BR 1a khdi luong cin cua mau
tréng; Ag la khbi lugng tro cua BRy; Pp la khéi
lugng protein cua BR; .

2.4. Xir Iy s liéu

Thi nghiém duoc b6 tri v6i 3 1an lap lai. Cac
két qua duoc thé hién duéi dang trung binh cua 3
lan lap lai = d9 1éch chuan. Két qua duoc théng
ké, phan tich phuong sai, kiém dinh LSD ¢ mic ¥
nghia 5% bang chuwong trinh Statgraphics
Centurion 16.1.

3. KET QUA VA THAO LUAN

3.1. Thanh phin héa hoc ciia bt phu
pham cam sanh

Thanh phan héa hoc co ban cta bot phu
phém cam sanh, bao gém: Do am, protein, lipid,
khoang va carbohydrate dugc trinh bay & bang 1.
Két qua nay twong ddng véi mot sé nghién ctu
trugc day, cho thay bot vo cam gom am 2,86-
14,2%, dam 3,3-8,5%, chat béo 0,89-535%,
khoang 0,09-4,78% va 70,60-86,35% carbohydrate
[23-25]. Nghién ctru ctia Dong va cs (2020) két
luan, so véi IDF, SDF c6 pham vi va tinh cht
churc ndng rong hon, véi ham lugng SDF khong
dudi 10% co6 dic tinh ché bién, hoat tinh sinh 1y
va chirc ning lién quan dén strc khoe tét hon [7].
Thanh phan xo tong (TDF) chiém hon 3/4 tong
khdi luwong chat kho, trong d6 SDF chiém
28,58+1,77%, IDF chiém 46,64+0,46%. TDF
twong dong voi cac giébng cam khac (65,40-
87,00%), nhung SDF cao hon (6,25-22,11) va

IDF thap hon (50,92-78,15%) [24, 26]. Do do, bot
phu pham cam sanh dugc xem 1a mdt ngudn giau
X0 voi ty 16 chat xo (SDF/IDF) can bang [14].

Bang 1. Thanh phan héa hoc ciia bot phu
pham cam sanh

Thanh phan (%, cbk) Gia tri
D6 4m 3,9140,20
Protein 3,56+0,02

Lipid 1,02+0,03
Tro 2,45+0,00
Carbohydrate 89,06+0,18
TDF 75,22+1,32
SDF 28,58+1,77
IDF 46,64+0,46

Ghi chii: Dit lidu dwoc thé hién dwdi dang gid
tri trung binh + do léch chudn cia ba thi nghiém
déc lgp. TDF: Chdt xo tong so; IDF: Chdt xo
khéng hoa tan; SDF: Chdt xo hoa tan.

3.2. Anh hwéng ciia cong suit va thoi gian
hd trg vi séng dén hiéu qui thu nhan ché
phim giau SDF

3.2.1. Anh huéng cia céng sudt va thoi gian
hé tro vi séng

Niang lugng va thoi gian vi song déu anh
huéng dén hiéu suét thu nhan. Trong cing mirc
thoi gian, hiéu suit c6 xu huéng ting khi ning
luong tang 40-50 W/g, giam & 60 W/g va co su
khac biét y nghia thong ké (p<0,05). Cu thé, &
300 gidy, dao dong 24,31-29,66% khi cong sut
40-50 W/g, sau do giam con 27,51% & 60 W/g,
tuong ty O cac mdc thoi gian 360 va 420 gidy.
Dong thoi, cling muc nang lugng xu hudng bién
d6i tuong tu thoi gian, ting khi thoi gian ting
300-360 giay va giam ¢ 420 gidy (ngoai trur & 50
W/g) va khong ghi nhan sy khac biét & 360-420
gidy (p>0,05). Chiéu xa vi song tao gia nhiét
nhanh tir bén trong, 1am ting ap suat ndi bao, pha
v thanh té bao va thuc dy su giai phong pectin
vao dung moéi [27]. Tuy nhién, cong suit cao hoic
thoi gian kéo dai co thé gy phan huy chudi
pectin, lam giam hiéu suat va chit lugng SDF
[28, 29]. O cac diéu kién khao sat, hiéu suat thu
nhan dat cao nhat 34,56% & cong suit 50 W/g,
420 gidy va su khac biét co ¥ nghia théng ké so
voi cac nghiém thire khac (p<0,05). Tuy nhién,
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khong c6 su khac biét hidu suat tai 50 W/g & 360
va 420 gidy nén két qua dugc chon thity phéan 1a
50 W/g, 360 gidy vi tiét kiém duoc thoi gian va
nhiét lugng.

300 360 420 2 300 360 420

40 Wg

Ning lwgng (W/g) va thi gian (gidy) vi song
Hinh 1. Anh hwéng ciia thoi gian va ning
lwong vi séng dén hiéu suit (%) thu nhan ché
phim giau SDF

3.2.2. Anh huéng ciia cong sudt va thoi gian
hé tro vi séng dén tinh chdt héa Iy ciia ché pham
giau SDF

Kha ning gitt nudc (WHC), gitt dau (OHC)
va d6 tan (WS) déu anh huong truc tiép dén cam
gidc ngon miéng va dic tinh luu bién cua thyuc

phim giau xo [7]. WHC, OHC va WS c¢6 xu
hudng tang khi cong suat ting 40-60 W/g trong
khoang thoi gian 300-360 gidy va giam tai 420
gidy (Bang 2). Gia tri WHC, OHC va WS khac
biét c6 ¥ nghia théng ké ¢ muc cong suit 50-60
W/g (p<0,05), va dat cuc dai & 50 W/g, 360 gidy
voi 13,15-1,56 g/g; 1,33-0,01 g/g va 73,30-0,07%
twong ung WHC, OHC va WS. Khong ghi nhan
su khac biét y nghia & 40 W/g (p>0,05), ngoai trur
OHC va WS ¢ 40 W/g, 300 gidy. Dudi tac dung
cua vi song, qua trinh gia nhiét ndi tai dién ra
nhanh chong, lam tang kha nang hydrate hoa cua
pectin. Tuy nhién, viéc xtr 1y ¢ cuong do manh s€
pha huy cau trac 16 x6p va lam giam kha nang giir
nude [30]. Két qua nghién ctru cho thiy, kha ning
gitt nuéc (WHC) ctia mau dat gia tri kha quan
hon so v6i cac phu pham trudéc ddy nhu cam
Kinnow (9,12 g/g) [31] va v6 budi (khoang 4 g/g)
[32], mic du kha ning git ddu (OHC) lai thap
hon ca hai ddi tuong nay.

Bang 2. Anh huéng ciia thoi gian va nang lweng vi song dén dic tinh héa ly
cia ché pham giau SDF

Nang luong g:;l WHC (g/g) | OHC (g/g) | WS (%) EC (%) ES (%)
We) | (giay)

300 [10,7740,30° | 1,14+0,05° | 57,92+0,42" | 72,17+0,14° | 68,36+1,47°

40 360  [10,8141,32" | 1,26+0,01™ | 64,03+1,05° | 74,17+0,29®° | 76,97+0,10°

420 9,78+0,73° | 1,24+0,01% | 63,81+0,61° | 71,42+1,26° | 69,32+1,64°

300 11,44+0,28° | 1,24+0,07° | 71,66+0,22° |73,83+0,38"¢ | 74,57+0,46°

50 360 | 13,15+1,56* | 1,33+0,01* | 73,30+0,07* | 75,00+0,25" | 79,78+0,63"

420 |10,9340,53" | 1,28+0,00% | 70,19+0,47° | 74,08+0,29" | 74,44+0,32¢

300 9,84+0,34° | 1,21+0,01° | 68,75+1,12% | 73,25+0,25% | 65,41+0,75"

60 360 11,45+0,91° | 1,25+0,02° | 70,88+0,66" | 73,42+0,52°¢ | 77,87+0,87°

420 10,29+0,88" | 1,124+0,01¢ | 64,46+0,97° | 73,17+0,14* | 71,22+0,46"

Ghi chii: Dir liéu dwoc thé hién dudi dang gia tri trung binh = do léch chudn cua 3 thi nghiém doc
lap. Cac chir cai khdac nhau trong cung mot cot biéu thi sy khdc biét co y nghia thong ké giita cac

nghiém thure, p<0,05.

Kha ning tao nhii (EC) ctia mot chit biéu thi
kha ning hd tro qua trinh hoa tan hodc két hop
hai chit 16ng khong hoa tan v&i nhau, trong khi
d6 bén nhil twong (ES) 1a kha ning duy tri nhii
tuong va kha ning chéng v& dudi cac diéu kién
nhiét tic dong [33]. Bién thién cua EC va ES
tuong tu nhu cac dac tinh trén, EC cta ché phém

giau SDF cia bdt cam sanh thu dugc trong
nghién cuu nay dao dong tur 71,42-75,00% va ES
tir 65,41-79,78% (Béang 2). Pong thoi, nghiém
thirc EC va ES 16n nhat & 50 W/g, 360 gidy lan
luot 1a 75,00+0,25 va 79,78+0,63, cao hon mot sd
nguyén liéu khac [7, 34]. Chit xo c6 hoat dong
nhii hoa hiéu qua nhd vao kha niang hap thy lién
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bé mit va tao ra cac mang day lam giam sirc cing
bé mat, ngin su phéan tach giita 2 pha dau nudc.
Kha nang tao nhii cta chit xo duoc cho 1a phu
thugc vao ham luong SDF, kha nang gitr dau va
gilt nude [7].

3.3. Anh hwéng cia hd tre siéu am dén
hiéu qua thu nhin ché pham giau SDF

3.3.1. Anh hwéng cia cong sudt va thoi gian
hé tro siéu am

Tac dung cua siéu am 1én qua trinh chiét xuat
chat xo duoc nghién ctru va dir liéu thyc nghiém
thu duogc trinh bay & hinh 2. Hiéu suét thap nhat &
thoi gian 5 phat, coéng suit 12 Wig
(23,91£0,39%) va cao nhat & 24 W/g, 15 phut
(32,560,42%), c6 su khéac biét y nghia thong ké
gilta cac thoi gian trong cung muc nang luong
(p<0,05). Mat khac, trong cung muc nang luong,
hiéu suat chiét ting theo thoi gian nhung & thoi
gian ¢b dinh qua trinh chiét giam & cong suat 40
W/g. Ching han, cing mirc ning luong 12 W/g
theo thoi gian 5-15 phut, hidu suat bién thién tir
23,91-30,96%; nhung ¢ thoi gian 5 phat, hi¢u
suét tang tir 23,91-27, 25% khi cong suét tang tir
12-24 W/g va giam xudng 26,07% & 40 W/g.
Soéng siéu am thic day truyén khéi thong qua
hién tuong cavitation, khudy tron co hoc va lam

truong nd vat lidu, tir 6 mo rong 18 rdng thanh té
bdo va hd trg giai phong pectin [18, 35, 36]. Mac
du cong suét siéu 4m cao thuc ddy qua trinh chiét
xudt nho gia ting mat do bong bong xam thuc,
nhung tmg suat cit va hiéu Gmg nhiét sinh ra tir su
v3 cac bong bong ndy co thé anh hudng dén cau
trac chat xo. Két qua nghién ctu twong dong voi
cong bd cua Li va cs (2014), khi tién hanh trich ly
ba tao bang acid citric, khi cong sudt vuot qua 40
W/g dugc x4c dinh 1a khong pht hop do hiéu suat
giam dang ké [12]. Cac két luan tuong tu ciing
dugc bao cdo boi cac nghién ctru trude day [14, 37].

40

- % w
S S &

Higu sudit trich ly (%)

o

Ning legng (W/g) va thoi gian (phut) siéu Am

Hinh 2. Anh, huong cua thoi gian va nang lugng
siéu Am deén hiéu suat (%) thu nhan chat xo
332 Anh hwong cua cong sudt va thoi gian
ho tro siéu dm den tinh chat hoa ly cua ché pham
giau SDF

Bang 3. Anh huéng ciia thoi gian va ning lugng siéu 4m dén dic tinh héa ly
cua ché pham giau SDF

Néng lugng 21;11 WHC (¢/g) | OHC (g/g) | WS (%) EC (%) ES (%)
(W/g) (phtif)
5 10,77+0,95° | 1,200,048 | 43,98+0,77° | 70,17+0,29" | 64,49+0,18%
12 10 12,08+0,83° | 1,48+0,01° | 50,60+0,95° | 75,75+0,25¢ | 65,68+0,77°
15 10,55+0,09¢ | 1,37+0,01" | 49,57+0,18% | 73,33+0,29° | 61,93+0,72¢
5 14,76+1,68% | 1,55+0,02° | 52,04+0,91° | 80,67+1,15° | 69,23+1,83°
24 10 15,88+0,21* | 1,62+0,03% | 53,61+0,41° | 82,83+0,29* | 71,77+0,31°
15 15,38+0,31% | 1,39+0,04° | 52,890,207 | 78,25+0,25° | 64,97+1,18%
5 11,88+0,86° | 1,444+0,01°¢ | 48,52+0,77¢ | 78,33+0,29° | 64,57+1,19
40 10 15,13+0,87°° | 1,43+0,01¢ | 52,92+0,52*" | 80,33+0,58" | 61,41+1,28"
15 14,28+1,25" | 1,34+0,01" | 49,70+0,17° | 74,08+0,14° | 63,55+0,28%

Ghi chii: Dit liéu dwoc thé hién dudi dang gia tri trung binh = do léch chudn ciia 3 thi nghiém doc

ldp. Cdc chir cdi khdc nhau trong cing mét c¢ét biéu thi sw khdc biét ¢é ¥ nghia thong ké gitta cdc

nghiém thuc, p<0,05.
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Bang 3 cho thiy, su bién thién cia WHC va
OHC tuong tu nhu vi séng, nghia 1a gia tri tang
khi cong suét va thoi gian ting tir 12-24 W/g, 5-
10 phat va giam & diéu kién cuc dai (40 W/g hodc
15 phat). Cu thé, & cong suat 24 W/g, ting theo
thoi gian 5-10 phut tir 14,76-15,88 va 1,55-1,62
g/g tuong ung cho WHC va OHC va cung dat cuc
dai & 10 phut; sau d6 giam déu & 15 phut véi
15,38 va 1,39 g/g tuong tng WHC va OHC. Bén
canh d6, AUAE hiéu qua hon AMAE vé WHC,
OHC (6 muc nang luong dat gia tri trung binh
cao nhét cta vi song 1a 11,84+0,79 va 1,28+0,03
g/g, trong khi d6 ddi v6i siéu am 1a 15,3440,66 va
1,5240,03 g/g twong itng WHC va OHC). Cac
nhom wa nudc va cau trac mang ludi cua chat xo
tao nén cho WHC cua xo, trong khi OHC thuong
lién quan dén cac tinh chét bé mit, mat do dién
tich tong thé va thanh phan polysaccharide cta
x0. Chat xo c¢6 OHC cao gitip cai thién cac dic
tinh cam quan cua thuc phdm ciing nhu do 6n
dinh va thoi han str dung cua thuc pham giau chat
béo [38]. Song siéu am tao ra hi¢u Gng vo cac
bong bong trong dung dich 1am tGng suét cit ting
lén, dan dén sy pha huy chudi pectin thanh cac
thanh phan nho hon tao ra cic 16 nhé hoic
khoang trong vat li¢u va lam tang ) lugng vi tri
lién két nudc, do d6 lam ting tinh wa nude [18,
39]. Hon nita, kich thudc hat nho hon va céu tric
x0p cua SDF lam ting dién tich tiép xtc véi dau
nén OHC ting. Tuy nhién, khi cong suét va thoi
gian qua cao co thé gy phan cit qua mac chudi
polysaccharide, 1am suy giam ciu triic mang xo
va anh huong bat loi dén tinh chat [28, 40]. Gia
trt WHC, OHC cua nghién cuu cao hon so véi
bao cao vé vo cam (3,10+0,12 va 1,32+0,21 g/g
cho WHC, OHC tuong ung) [41].

Mat khac, WS, EC va ES ¢6 xu hudng tuong
tw WHC, OHC (ngoai trr ES ¢ 40 W/g). WS dao
dong 43,98-53,61%, EC 70,17-82,83%, ES
61,41-71,77% va cung dat gia tri 1on nhat & 24
W/g, 10 phat va cuc tiéu tai 12 W/g, 5 phut
(ngoai trir ES & 40 W/g, 10 phut), su khac biét c6
¥y nghia thong ké gitra cac nghiém thirc (p<0,05).
O muc ning luong phu hop, hiéu tng cavitation
lam giam kich thudc hat, ting dién tich bé mit va
vi tri lién két nudc/dau, do d6 WS, EC va ES
tang. Tuy nhién, khi nang luong qua cao, sy phan
cat qua mirc cac chudi polysaccharide ¢6 thé xay ra
lam suy giam céu tric, anh “huong dén cac tinh chat
chirc ning [28]. Dé thay ring, cc dic tinh hoa 1y
cta ché pham giau SDF thu dugc dudi sy hd tro
siéu am dat t6t & 24 W/g, 10 phut va hiéu suat thu
duogc khong c6 sy khac biét vai thoi gian 15 phut,
nén diéu kién nay s€ dugc chon cho siéu am.

3.4. Panh gia thanh phén chit xo' thu nhan
bing phwong phap trich ly acid citric c6 hd tro
vi s6ng va siéu am

Hiéu qua cuoa qua trinh trich ly chit xo
thuong duoc danh gia thong qua ham luong chit
xo hoa tan (SDF) trong dich trich, ham lugng
SDF cang cao chung t6 qua trinh trich ly cang
hiéu qua [42, 43]. Ngoai ra, thuy phan bang acid
chi lam dut gay mot phan lién két chu01
polysaccharide va su pha v& cu triic mang té bao
c6 thé tao ra dang gel hodc chét xo khong tan siéu
nho [7], d6 la nguyén nhan IDF con lai trong dich
trich. Ché pham giau SDF thu nhan tir phu phdm
cam sanh thuy phan bang dung dich acid citric
4% c6 hd trg vi song/siéu am ¢ diéu kién tdi uu
dugc chon sir dung dé xac dinh thanh phan xo,
két qua thé hién & bang 4.

Bang 4. Thanh phan ché pham giau SDF trich ly tir phu phAm cam sanh

\ sz Phuong phap
Thanh phan chat xo (%)
AMAE AUAE
TDF 68,37+0,60° 61,90+0,91°
SDF 50,30+0,36 41,45+0,63°
IDF 18,08+0,34° 20,44+0,29°

Ghi chii: Dit liéu dwge thé hién dwdi dang gid tri trung binh + dg léch chudn cia 3 thi nghiém djc
ldp. Cdc chit cdi khdc nhau trong cing mét hang biéu thi sw khdc biét c6 ¥ nghia thong ké giita cdc

nghiém thure, p<0,05.
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Chat xo tong (TDF) dat 68,37%+0,60 va
61,90+0,91%, trong do 50,30+0,36% SDF va
18,08+0,34% IDF; 41,45+0,63% SDF va
20,44+0,29% IDF, twong tng voi trich ly bang
acid citric co sy hd trg vi song va siéu am va co
su khac biét c6 y nghia théng ké (p<0,05) giita
hai phuong phap. Mit khac, ché pham giau SDF
khai thac véi sy hd tro vi soéng va siéu am giau
chat xo thé hién qua ty 1& SDF/IDF duoc khuyén
nghi tdt cho hé vi sinh vat duong rudt [44]. Két
qua nghién ctru cao hon va hoan toan tuong dong
vé hiéu qua cua vi song/siéu am hd trg trich ly xo
hoa tan tur ba tdo (18,7 va 14,9% tuong tng voi
MAE va UAE) [12], cui tring budi (27,81 va
17,92% tuong tmg MAE va UAE) [18].

4. KET LUAN

Bot phu pham cam sanh 1a mot ngudn cung cip
chit xo ty nhién v6i ham luong carbohydrate cao
va ty 1¢ SDF/IDF can bang, cho thdy tiém ning cho
viée trich ly chat xo. AMAE & 50 W/g trong 360
gidy cho hiéu qua trich ly chét xo t6t hon vé ca hiéu
suat (33,01£0,01%), thanh phan (68,370,60%
TDF, 50,30+0,36% SDF va 18,08+0,34% IDF) va
nang luong st dung so véi UMAE ¢ 24 W/g
trong 10 phtt. Mic du AUAE cho thiy wu thé &
mot sd chi tiéu hoa 1y nhu kha ning gitt nude, giit
dau va nhii hoa, nhung sy chénh léch khong lon.
Do d6, AMAE la phuong phap phu hop v€ mat
cong nghé va kinh té dé thu nhan ché pham giau
SDF tir phu pham cam sanh, gop phan ning cao
gia tri s dung cua nguoén phyu phdm nay trong san
xuat thye pham va phu hop véi xu hudng kinh té
tuan hoan va phat trién bén ving.
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MICROWAVE-AND ULTRASOUND-ASSISTED CITRIC ACID EXTRACTION
OF DIETARY FIBER FROM SANH ORANGE (Citrus sinensis) BY-PRODUCTS

Nguyen Cam Huongl’ 2 Tran Chi Nhan', Tran Thanh Truc'
"Institude of Food and Biotechnology, Can Tho University
Faculty of Food Science and Technology,
Ho Chi Minh City University of Industry and Trade

Abstract

This study investigated the chemical composition of sanh orange (Citrus sinensis) by-products and
evaluated the efficiency of soluble dietary fiber-rich fraction using microwave-assisted extraction
(AMAE) and ultrasound-assisted extraction (AUAE) in citric acid solution. The by-products contained
a high carbohydrate level (89.06% db), including 75.22% total dietary fiber with a balanced SDF/IDF
ratio. AMAE at 40-60 W/g, 300-420 seconds achieved an extraction yield of 24,31-34,56%, with fiber
contents of 50.30% SDF and 18.08% IDF under optimal conditions, along with physicochemical
properties including water solubility (73.30% WS) and emulsion stability (79.78% ES). It was better
than AUAE at 12-40 W/g, 5-15 inutes (23.91-32.56% efficiency, 41.45% SDF and 20.44% IDF), but
inferior in water holding apacity (WHC), water swelling capacity (WSC) and emulsifying capacity
(EC). Overall, AMAE demonstrated better performance in extracting dietary fiber from orange
byproducts, highlighting its potential for developing soluble dietary fiber-rich foods.

Keywords: Fiber extraction, microwave, ultrasound, soluble dietary fiber-rich fraction, insoluble
fiber, orange by-products.
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