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SUMMARY

APPLICATION OF FORWARD OSMOSIS TECHNOLOGY IN THE CONCENTRATION
OF WATERMELON JUICE

This research studied the potential application of forward osmosis technology in the concentration of
watermelon juice using different inorganic draw solutions, pursuing the express goal of achieving the final
juice concentration of 60 °Brix. Particularly, the influences of various operational conditions-which
included: type of draw solutes, draw solution concentration, and watermelon juice concentration-on the
concentration efficiency of the investigated forward osmosis system were evaluated through the changes in
water flux and reverse draw solute flux. Experimental results suggested that water flux would increase with
the rise of draw solution concentration, leading to the respective shortening of operational duration, while
specific draw solute loss remained relatively stable. Therefore, it would be optimum to use saturated draw
solutions in the forward osmosis concentration of watermelon juice, so that any potential losses of useful
phytochemicals could be minimized. Overall, this study provided empirical evidence on the capability of
forward osmosis technology in the concentrating watermelon juice, presenting an alternative approach that
does not involve the utilization of elevated temperature conditions and consequently better in preserving
useful but thermal-sensitive phytochemicals present in watermelon juice.

Keywords: forward osmosis, juice concentration, nonthermal processes, water flux, draw solution

1 PAT VAN DE trong nude épA dua hau bap gérrl Vitamin (;,
. ) ) o cac hop chat carotenoid (dac biét la

Buoc sang the ky 21, nuoc €p trai cay lycopene), céc hgp chét phenolic (nhu dan

dang ngay cang tro thanh mot bo phan Xuit cua axit hydroxycinnamic) ... [2]

quan trong trong ché do dinh dudng cua
con nguoi, tai Viét Nam noi riéng va trén
toan thé giéi nodi chung, bai ching giau
cac hop chat c6 loi cho sac khoé nhu
vitamin, hoat chat sinh hoc véi kha ning
chdng gdc tu do, khoang chét... [1] Trong
d6, dua hau 1a mot loai trai cay can nhiét
dai va nhiét doi s¢ httu gia tri dinh dudng
cao, duoc tiéu thu rat nhiéu tai Viét Nam
bang cach an truc tiép hodc ché bién
thanh cac loai dd udng da dang, nhat 1a
vao mua hé. Cu thé, mot s thanh phan
dinh dudng ndi bat duoc xac dinh co

Tuy nhién, nhiéu nghién ciu da chi ra
rang cac hop chit vai hoat tinh chdng oxy
hod cao nhu hop chat phenolic hay hop
chat carotenoid ciing thuong kho bao
quan, d& bi phan huy tai diéu kién nhiét
do6 cao hoic tiép xuc truc tiép véi anh
sang, gay suy giam dang ké nhiing tac
dung tich cuc cia chung di véi stic khoé
con ngudi [3-5]. Nham muc dich bao vé
t6i da gia tri dinh dudng cia nudc ép dua
hau trong qua trinh ché bién va san xuét,
mot s6 cong nghé mai “khéng ding nhiét”
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(non-thermal processes) da dugc nghién
ciu va phét trién, chang han nhu cong
ngh¢ khu trung xung dién truong PEF,
cdng nghé khir triing bang séng siéu am,
cdng nghé khtr tring bang tia cyc tim, cac
cong nghé mang c6 dac nhu cong nghé
siéu loc (UF), cdng nghé loc mang kich
thudc micro (MF)... [6-8]

Céng nghé mang thiam thiu thuan
(forward osmosis, FO) 1a méot hudng tiép
can “khong dung nhié¢t” maoi trong co6 dac
dich ép trai cay, boi dong luc chinh cua
quéa trinh nay 13 mic chénh léch vé mat ap
suat tham thau tu nhién giita hai phia cua
mang ban tham. Sir dung loai dung dich
16i cudn phu hop, cong nghé mang tham
thau thuan cho phép co déc dich ép trai
cay dén cac ngudng nong do cao ngay tai
diéu kién nhiét do phong, dong thoi bao
toan mot céach tbi da gia tri dinh dudng
cuia c&c san pham sau ¢ dic, nang cao gia
tri tich cuc cua ching ddi véi sic khoé
con nguoi [9-11]. Tuy nhién, cho dén nay,
nghién ctru lién quan dén tiém nang tng
dung cua cong nghé mang tham thau
thuan trong linh vuc nay tai Viét Nam van
con tuong d6i han ché.

Nghién ctru nay sé tap trung vao danh gia
so bo tiém nang wng dung cua cdng nghé
mang tham thau thuan trong c6 dic nudc
ép dua hau, théng qua khao sat hiéu qua
¢6 dic sir dung mot sé loai dung dich 16i
cudn khac nhau. Két qua cua nghién ctu
nay s& gop phan dit nén mong cho viéc
tng dung céng nghé mang tham thau
thuan tai Viét Nam, vé6i dinh hudng cu thé
la nham nang cao gi4 tri dinh dudng cua

cac san pham nudc trai cay trén thi truong,

giup dem lai hi¢u qua tich cuc cho suc
khoé nguoi tiéu dung.

2. PHUONG PHAP NGHIEN CUU

2.1. Nguyén li¢u

Qua dua hau rudt do chin dugc mua trong
khoang thoi gian tu thang 05/2024 dén
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thang 07/2024 tai mot sé co s& kinh
doanh trén dia ban thanh pho Ha Noi.

Mudi NaCl va mudi KCI dung cho thuc
phim duoc mua tr hidng Macco
Organiques (Cananda). Nuodc Khu ion
dugc san xuét tai phong thi nghiém trén
hé thiét bi Purelab Flex-3 (ELGA, Anh).

Mang ban tham voi kha ning loai mudi
ca0 (HSR-TFC) duoc mua tu héng
Aquaporin Asia (Singapore). Mang duoc
cung cap voi kich thuéc 300 x 300 mm,
khi st dung dwoc cat thanh ting tim nho
véi dién tich loc hiéu qua 42 cm?2 phu hop
cho hé théng thir nghiém mang tham thau
thuan CF042D-FO (Sterlitech, Hoa Ky).

2.2. Quy trinh thi nghiém

Pau tién, qua dwa hau duoc kiém tra va
xt Iy nham thu dugc phan rudt dat chat
lugng phu hop. Sau dé, rudt qua dua hau
dugc dua vao thiét bi ép cham RSJ-120W
(Rapido, Pic) van hanh tai toc do 60
vong/phdt nham han ché téi da hao hut
gia tri dinh dudng cua nudc ép dua hau.
Tiép theo, nudc ép dua hau dugc ly tm
(toc do 10.000 vong/phut, thoi gian 10
phat) trén thiét bi ly tam Z366K (Hermle,
Puc), phan nudce trong bén trén dugc gan
qua gidy loc dinh luong 11um (Whatman,
Anh) nham thu duoc nudc ép dua hau
khong chira cac thanh phan chat ran kho
hoa tan hoac khoéng hoa tan [8].

Céc thi nghiém c¢6 dac dugc thuc hién trén
hé thong thir nghiém mang tham thiu
thuan CF042D-FO (Sterlitech), véi dung
dich 16i cubn 1a dung dich NaCl hoic
dung dich KCI tai cac ngudng nong do
khac nhau. Dung dich can xt Iy 1a dich ép
dua hiu. Cac thi nghiém duoc tién hanh
cho dén khi ham luong chat rin hoa tan
(TDS) cua nudce ép dua hau dat gia tri 6n
dinh, hogc dat gia tri 60 °Brix.

Céc thi nghiém duoc thuc hién dudi
nhitng diéu Kién cu thé nhu sau: nhiét do
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= 25 °C, huéng dong vao twong dbi =
nguoc chiéu, chénh léch 4p suat phia
dung dich can xu 1y = 3 psi, luu lugng
dong vao phia dung dich can xu ly = 200
mL/phat [12]. Thé tich ban dau cua dich
ép dua hau 1a 400 mL, trong khi thé tich
ban dau cua dung dich 18i cuén 1a 10.000
mL. Sau khi thé tich dung dich 16i cudn
tang thém khoang 100 mL, toan b$ dung
dich 16i cubn s& duogc thay mai bang
10.000 mL dung dich 16i cudn véi nong
d6 tuong tng nham dam bao tinh 6n dinh
cho thi nghiém. Nong d6 bio hoa dugc
lya chon ddi véi dung dich NaCl la 360
g/L, va dbi vai dung dich KCI 12 340 g/L.

MJi thi nghiém duoc thuc hién 13p lai toi
thiéu nam 1an nham dam bao d6 tin cay >
95%, véi két qua dugc thé hién dudi dang
gié tri trung binh cua céc thi nghiém lap
lai + khoang sai s6 tai do tin ciy twong
ung.

2.3. Phuwong phap phan tich

Hiéu qua van hanh cua hé thong co dic
tng dung céng nghé mang tham thau
thuan duoc dénh gia dya trén cac théng sé
chinh sau: thong lugng nuéc tham thau
qua mang (Jw) xac dinh théng qua theo
ddi su thay d6i vé mat thé tich va khdi
lugng cua cdc dung dich [12], théng
luong chat 16i cudn tham thau nguoc qua
mang (Js) xac dinh théng qua theo doi su
thay d6i vé mat ham lugng cac ion tuong
tmg trong nudc ép dua hdu co dic
(phuong phap quang phd phat xa ngon
lta) [13], va hé s6 ton hao chat 16i cubn
do thdm thau nguoc qua mang (Rds) xac
dinh thong qua tinh toan ty I¢ Js/Jw [12].
DPon vi cua thong lugng Jw dugc trinh bay
la LMH (twong duong L/m?.h), trong khi
don vi cua thong lugng Js dugc trinh bay
la GMH (tuong duong g/m?.h)

Ham luong chat ran hoa tan (TDS) cua
dich ép dua hau duoc do truc tiép bang
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khic xa k& cam tay MyBrix (Mettler
Toledo, Thuy Si).

3. KET QUA VA THAO LUAN

3.1. Pic trung qua trinh cé dac nwéc ép
dwa hau cia cac loai dung dich 16i cuon
béo hoa

Dua trén két qua khao sat (Hinh 1), c6 thé
thdy rang ca dung dich NaCl bdo hoa va
dung dich KCI bio hoa déu ¢ kha niang
16i cudn tdt, cho phép co dic nude ép dua
hau dén gia tri TDS vuot qua ngudng Ky
vong la 60 °Brix.

Cu thé, ddi véi dung dich NaCl bao hoa,
gia tri TDS cua nuéc ép dua hau di dat
toi 65,16 = 5,01 °Brix sau khoang thoi
gian van hanh 12 gio, trong khi d6i voi
dung dich KCI bao hoa thi céc gia tri nay
lan luot 14 65,32 + 5,12 °Brix va 16 gio.
NOGi cach khéc, khi ndng d6 cudi cing cua
nude ép dwa hau can xu 1y 1a tuong duong
nhau, thi dung dich 16i cuén NaCl bao hoa
cho téc do ¢ dic cao hon khoang 33% so
vé6i dung dich 16i cudn KCI bo hoa.
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Hinh 1. Sw thay doi ham heong chdt rén hoa tan
Cua nude ép dia hau theo thoi gian khi cé dac
nudc ép dua hau bang dung dich NaCl bao hoa va
dung djch KCI bdo hoa
Hién tuong trén xay ra la do dung dich
NaCl bdo hoa cé nong @6 mol va ap suat
tham thau ty nhién Iy cao hon dang ké so
véi dung dich KCI bao hoa (phuong trinh
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van’t Hoff) [14], bdi vay tao thanh dong
lyc tham thau thuan 16n hon so véi dung
dich KCI bao hoa. Pay chinh la nguyén
nhan chu yéu dan toi nhitng chénh léch rd
rang vé mat thong luong Jw va tée do co
dic nudc ép dua hiu giira hai loai dung
dich 16i cudn [12]. bac biét, tai giai doan
sau cua cac thi nghiém, su khac biét trén
cang trd nén rd rang hon khi gia tri TDS
(va twong Gng, gia tri 4p suat Ilp) cua
nuéc ép dwa hau tiép tuc xu hudng ting
(Hinh 2a).

Nguoc lai, hién tugng thong luong Jw
giam manh theo thoi gian c6 thé 1a do gia
tri TDS ciia nuéc ép dua hiu da ting dang
ké (tir 6,69 °Brix Ién téi khoang 65 °Brix,
gap gan 10 lan gi4 tri ban dau), lam giam
dong luc cua qua trinh tham thau thuan
[12]. Tai ngudng gia tri TDS cua nudc ép
dua hau dat khoang 65 °Brix, thong lugng
Jw da giam téi 2,99 + 0,14 LMH ddi voi
dung dich NaCl bdo hoa va 1.65 £ 0,06
LMH dbi véi dung dich KCI b&o hoa, cho
thiy gia tri nay da rit gan véi ngudng
nong do co dic cao nhat caa cac dung
dich 16i cuén (Hinh 2a).

bang chu y, trong ca hai truong hop,
thong lugng Js déu xuat hién xu huéng
tang tuong d6i rd rang, tr 0,7618 +
0,0283 GMH Ién t6i 0,9983 + 0,0281
GMH d6i voi dung dich NaCl va tur
0,6224 + 0,0246 GMH Ién t6i 0,7458 +
0,0282 GMH d6i véi dung dich KCI
(Hinh 2b).

Hién twong nay xay ra co thé Ia do khi
dong chuyén khdi cia nudce tir phia nuée
ép dua hiu sang phia dung dich 16i cubn
giam dan, thi tro lyc d6i voi dong khuéch
tan caa chat 16i cudn theo chiéu nguoc lai
cling giam dan, tao diéu kién cho qua
trinh chuyén khéi (qua trinh tham thau
nguoc) cua chat 16i cudén qua mang dién
ra thuan loi hon [15].
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Hinh 2. Su thay doi déc trumg loi cu‘érn theo thoi
gian khi c6 ddc nudc ép dwa hau bang cac logi
dung dich 16i cuon
Pic biét, trong ca hai truong hop, hé sé
Rds déu xuét hién xu hudng ting manh
theo thoi gian, tr 0,0313 £ 0,0010 g/L 1én
t6i 0,3339 + 0,0062 g/L (ting gp hon 10
lan) ddi véi dung dich NaCl b&o hoa va tir
0,0279 £ 0,0008 g¢/L Ién toi 0,4520 +
0,0161 g/L (tang gip hon 16 1an) di véi
dung dich KCI béo hoa (Hinh 2c). biéu
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nay dat ra mdi quan ngai lién quan toi
viéc thoi nhiém chat 16i cudn (cu the,
mubi NaCl Va mubi KCI) sang phia nuéc
ep dwa hiu can c6 dic, tiém 4n nguy co
d6i véi stc khoé cia nguoi tiéu dung
cling nhu gay anh huong tiéu cuc dén gia
tri cam quan cua san pham [16]. Bic biét,
khi gi4 tri TDS cua nudc ép dua hiu ting
vuot ngudng 40 °Brix, chénh léch vé mit
&p suat I, gitra nudc ép dua hau co dic
va dung dich 16i cudn giam xudng rat thap
khién cho thong luong Jw giam manh
trong khi thong luong Js van duy tri xu
hudng ting déu, dan téi su ting manh cua
hé s Rds.

Tuy nhién, ngay tai ngudng gia tri hé sé
t6n hao cao nhat (0,3339 + 0,0062 g/L dbi
véi dung dich NaCl va 0,4520 + 0,0161
g/L d6i véi dung dich KCI) thi lugng chat
16i cubn khuéch tan sang mdi don vi thé
tich nudc ép dua hau van thap hon dang
ké so vai mic khuyén nghi tiéu thy hang
ngay t6i da ma khong gay tac dung phu
(NOAEL) ddi véi con ngudi la 2.300
mg/ngay dbi véi NaCl va 3.000 mg/ngay
d6i véi KCI [17,18].

3.2. Pic trung qua trinh ¢6 dac nwéc ép
dwa hau tai nhirng nong do dung dich
16i cuon khac nhau

Két qua khao sat cho thiy, khi chat 16i
cubn dugc sir dung 1a KCI thi gié tri TDS
t6i da cia nudc ép dua hau co dic thé
hién méi quan hé twong dbi tuyén tinh véi
nong do dung dich 16i cudn. Hién tuong
trén xay ra c6 thé la do trong cac khoang
nong d6 duoc khao sat cua ca dung dich
16i cudn va nude ép dua hau co dic, giia
&p suat tham thau cuia dung dich va nong
d6 chat tan déu duy tri mdi quan hé tuyén
tinh (phuong trinh van’t Hoff) [14]. Boi
vay, trén d6 thi véi hai truc tuong tng 1a
nong d6 dung dich 16i cuén va gié tri TDS
cia nudc ép dua hiu, thi cac diém dai
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dién cho trang thai can bing vé mit é&p
suat tham thau gitra dung dich 16i cudn va
nude ép dua hau ciing s& nam trén mot
duong gan nhu tuyén tinh (Hinh 3).
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Hinh 3. Sy thay d6i ham heong chdt rin hoa tan
cao tht Cua nudc ép dwa hau cé ddc khi c6 dac
bang dung dich NaCl va dung dich KCI véi
nong dé khac nhau
Nguoc lai, trén d6 thi ctia dung dich NaCl,
c6 thé thay rd duong biéu dién gia tri TDS
tdi da cua nuée ¢p dua hau c6 dic dugc
chia 1am hai bo phan tuong d6i rd rang:
khoang gia tri TDS t6i da cua nudc ép
dua hdu c6 dic ting nhanh khi ndng do
NaCl < 260 g/L, va khoang gia trj TDS téi
da ctia nudc ép dua hau co dic ting cham
khi nong do NaCl > 260 g/L. Hién tugng
trén xay ra cd thé l1a do khi gia tri TDS
ctia nudc ép dua hau cb dic ting qua cao
thi 6 nhét cua nude ép dua hau co dic
cling ting manh, anh huong tiéu cuc dén
kha nang khuéch tan cua céac chat tan va
dan toi tinh trang phan cuc ndng do cuc b
tai khu vuc bén trong va gan bé mat mang
ban thAm. Khi d6, ndng d6 cua cac chét tan
tai khu vuc gan bé mit mang ban tham trg
nén cao hon so véi ndng do thuc té cia cac
chit tan trong nudc ép dwa hau co dic,
khién cho thong lwong Jw giam thép hon
so vai gia tri ky vong theo ly thuyet [12].
Pic biét, khi 4p suat tham thau Cua nuoc
¢ép dua héu c6 dac tai khu vuc gan bé mit
mang ban thim da dat can bang vai ap suat
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tham thau caa dung dich NaCl, thi qué
trinh chuyén khéi caa nuéc s& khong thé
tiép tuc din ra, mac du &p suat tham thau
ctia nuGe ép dua hiu co dic bén trong toan
bo hé thdng van thap hon so véi &p suit
tham thau cua dung dich NaCl.

bang chu y, khoang “chiing” nay cling
xuat hién khi néng d6 KCI ting tir 320
g/L dén 340 g/L, véi gia tri TDS téi da
ctia nuée ép dua hdu co dic chi ting tir
73,8 °Brix 1én 74,0 °Brix (Hinh 3). Diéu
nay cho thiy khi ung dung cong nghé
mang tham thau thuan, viéc co dic nudc
ép dén nhimg ngudng gia tri TDS qué cao
c6 thé gay anh huong tiéu cuc dén hiéu
qua chung cua toan bd qua trinh c6 dac.
Tuy nhién, trong nganh cong nghiép ché
bién do udng, phan Ién céc loai nude ép
trai cay ciing thuong chi duoc ¢o dic dén
ngudng gia tri TDS ti da khoang dudi
65 °Brix nham giup kiém soat tot nhat
tinh trang suy giam gia tri dinh dudng va
gia tri cam quan cua san pham nudc ép
sau co dac [19].

Két qua khao sat dac trung 16i cudn coa
dung dich NaCl va dung dich KCI tai
nhitng ngudng nong do khac nhau khi cd
dic nuéc ép dwa hau dén gia tri TDS
khoang 60 °Brix cho thdy, viéc sir dung
cac dung dich 16i cubn c6 nong do béo
hoa cho hiéu qua c6 dic tét nhat, thé hién
qua gid tri thong luwgng Jw trung binh cao
nhat va gia tri hé sé Rd strung binh thap
nhat (12,21 + 0,45 LMH va 0,0737 +
0,0031 g/L dbi véi dung dich NaCl, 9,50
+ 0,39 LMH va 0,0755 + 0,0030 g/L ddi
v6i dung dich KCI). Piéu nay cho phép
han ché anh huong cua hién tugng chat
16i cudn tham thau nguoc qua mang lén
cac tinh chat quan trong cua nudc ép dua
hdu sau c¢6 dic, dong thoi gilp rat ngin
thoi gian c6 dac va kiém soét ti da hién
tuong suy giam gia tri dinh dudng cua
nuée ép dua hau sau ¢o dic (Hinh 4).
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4. KET LUAN

Nghién ctru nay da chting minh duoc tiém
ning tng dung cua cong nghé mang tham
thau thuan trong c6 dic nudc ép dua hiu
noi riéng, va cac san pham nudc ép trai
cay khéc néi chung. Cu thé, KCI va NaCl
da duoc x&c nhan 1a nhitng chét 16i cuén
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tiém nang, cho phép c6 dac nude ¢p dua
hdu dén gia tri TDS = 60 °Brix (ngudng
gia tri nong do6 phd bién cua nhiéu loai
nudce ép trai cay c6 dac dugc dung trong
nganh cong nghiép ché bién dd udng).
Tuy nhién, dé dat dwoc hiéu qua nay,
nong d6 cua dung dich 16i cuén can duy
tri trén 220 g/L ddi véi dung dich NaCl va
trén 280 g/L ddi véi dung dich KCI trong
suét qua trinh c6 dic.

Bén canh do, nghién clru nay cling xac
dinh rang cac dung dich 16i cuon voi nong
d6 chat 16i cudn bdo hoa c6 thé mang dén
hiéu qua cd dic tot hon dang ké so vai cac
dung dich 16i cudn chua bao hoa tuwong
ng, thé hién qua gia tri thong luong Jw
trung binh cao nhat (12,21 + 0,45 LMH
dbi voi dung dich NaCl va 9,50 + 0,39
LMH d6i véi dung dich KCI) va gié tri hé
s6 Rds trung binh thip nhat (0,0737 +
0,0031 g/L d6i voi dung dich NaCl va
0,0755 + 0,0030 g/L ddi véi dung dich
KCI). Nhin chung, lwong chat 16i cubn
trung binh khuéch tan sang mdi don vi thé
tich nudc ép dua hiu duoc xac dinh 1a
thip hon dang ké so véi muac khuyén nghi
NOAEL d6i voi con nguoi (2.300
mg/ngdy d6i véi NaCl va 3.000 mg/ngay
d6i voi KCl), cho thay day la nhung lya
chon chat I8i cudn twong di an toan.

Viéc sir dung céc dung dich 16i cudn néng
d6 bdo hoa cho phép rat ngin thoi gian co
dic, dong thoi ciing han ché hién tuong
chat 16i cubn tham thau nguoc gay anh
huong tiéu cuc dén chat luong cua san
phdm nudc ép sau c6 dic. Tuy nhién, dé
ching minh cho nhan dinh nay, can thiét
phai thie hién thém nhiéu khao sat bd sung
nham danh gia chinh xac anh huong cua
qua trinh ¢6 dac ung dung céng nghé mang
tham thau thuan 1én cac thanh phan dinh
dudng quan trong cta nudc ép, ciing nhu
tién hanh so sanh nhiing két qua nay voéi
mot s phuong phap ¢ dic truyén thong
khéac nhur phuong phap ¢6 dac bang nhiét.
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Ngoai ra, nghién ciru ciing xac dinh rang
hiéu qua chung cua qua trinh ¢6 dac nudc
ép (ng dung céng nghé mang tham thiu
thuan thuong xuit hién xu huéng suy
giam tai nhirng ngudng gia tri TDS cua
nuée ép dua hau qua cao (trén 70 °Brix),
tao thanh rao can nhit dinh cho viéc mo
rong ung dung cong ngh¢ mang tham thau
thuén vao co dac mot s6 loai san pham
ngudn gbc tu nhién khéc, vi du nhu ché
tao cao dugcC phém tir dich chiét thuc vat.

Loi cam on. Céc tac gid xin tran trong
cam on Su tai tro cia Vién Han 1am Khoa
hoc va Cong nghé Viét Nam dé thuc hién
nghién ctru nay thong qua dé tai ma so:
KHCBHH.02/23-25.
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