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TOM TAT

C-phycocyanin (C-PC) 1a hop chat c¢6 nhiéu hoat tinh sinh hoc quan trong nhu khang oxy
hoa, khang viém, hd tro chong ung thu. Nghién ctru nay dugc thuc hién nham trich ly va tinh
sach C-PC thu nhan tir rong Ceratophyllum demersum. Dich chiét C-PC tir rong nguyén ligu
ban dau duoc hip phu qua than hoat tinh va chitosan, sau d6 dugc dugc két tua bang mudi
ammonium sulfate tai nong do bao hoa phu hop. Két qua cho thay tai nong d6 than hoat tinh
va chitosan bd sung lan lugt 1a 3% (w/v) va 0,3% (v/v) dé hip phu trong 15 phut, sau d6 tiép tuc
cho két tia bang mudi ammonium sulfate & ndng do bio hoa dén 50% da gitip cai thién rd rét hé
s6 tinh sach ciia C-PC (dat 2,62 so vai dich chiét tho 0,40) véi hiéu suit thu hdi 1a 51,11%.

Tur khoa: Ammonium sulfate, C-phycocyanin, Ceratophyllum demersum, chitosan, than hoat tinh.

1. GIOI THIEU

Rong Ceratophyllum demersum la loai thuc vat thuy sinh 2 14, chim duéi nuéc, thudc ho
Ceratophyllaceae. C. demersum c6 than dai 1-3 m, ¢6 nhiéu chdi bén lam cho chung Xxuat
hién nhu mot dang sinh khéi Ién. Cac 1a tao thanh tirng chum, chiéu dai mdi 1a 8-40 mm.
C. demersum phan bé chii yéu & khu vuc 6n doi véi nhiét do phat trién tbi wu 25-35 °C [1].
Thanh phan trong rong chi yéu 1a carbohydrate véi 56%, protein, lipid lan luot khoang 18%
va 1% chét kho [2].

C-phycocyanin 1a mét trong cac sac tb quang hop duogc tim thay trong vi khuan lam, tao
do, tao cryptomonad. Chiing hap thu ning lwgng mat troi & viing quang phd kha kién va sau
d6 chuyén nang lugng kich thich nay sang diép luc trong mang quang hop. C-PC c6 mau xanh
dam, hap thy 4nh sang mau do, dac biét 1a gan 620 nm va phat huynh quang ¢ khoang 650 nm.
C-phycocyanin ¢ kha nang ung dung rong rai trong thuc pham, my pham va dugc pham [3].
bé tang gia tri cho ché pham C-PC va tinh an toan, C-PC doi hoi c6 cac gia tri tinh khiét cho
ting doi twong tng dung. Hé sé tinh sach cua C-PC thudng dugc danh gia bang cach sir dung
ty Ié hép thu ctia As2onm/Azgonm, trong doé hé sé tinh sach 1a 0,7 duogc coi 14 cap thuc pham,
3,9 1a cap d9 phan ung va 16n hon 4,0 nhu cap phan tich [4]. Hién nay, da c6 nhleu phuong
phap hién dai duoc nghién ctitu nham thu hoi C-PC ¢ hé sé tinh sach cao. Trong s6 do, viéc
tinh sach C-PC bang than hoat tinh, chitosan ciing nhu ammonium sulfate cho thdy tinh hiéu
qué twong ddi cao, it ton kém va thoi gian ngan nham thu duoc C-phycocyanin ¢ hé sé tinh
sach cao, hd trg cho cac budc tinh sach tiép theo. Nhiéu nghién ciru cho thay tinh hi¢u qua tinh
sach cua than hoat tinh khi ting hé sé tinh sach cua C-PC 1én tir 2-3 lan [5, 6]. Tinh sach
protein bang mubi trung tinh nhu ammonium sulfate di dwoc sir dung tir rat 1au vi tinh hiéu
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qua va 6n dinh cta chung. Minkova et al. d s dung mudi ammonium sulfate tinh sach C-PC
tir Spirulina cho hé sé tinh sach cua C-PC dat 4,3 khi thuc hién két tua tai ndng d6 mudi 70%
d6 béo hoa [7] hay Patel et al. taa C-PC trén Spirulina sp., Phormidium sp., Lyngbya sp. tai nong
d6 mudi bao hoa 50% cho hé sé tinh sach lan luot 1a 2,66; 1,62; 1,46 [8]. Nghién ctru nay thuc
hién tinh sach C-PC tir rong C. demersum bang ammonium sulfate két hop véi than hoat tinh
va chitosan.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit ligu

Rong C. demersum duoc thu nhan & cac ao nudi tom quang canh tai xa Gia Thuan, huyén
Go Cong Pong, tinh Tién Giang, rong thu hai & giai doan gia va dang c6 dau hiéu phan hiy
v6i mau ndu sam. Sau khi thu hai, rong dugc van chuyén trong ngay dén phong thi nghiém,
tai day duoc rira bang nudc may va nudc cat, loai bo cac tap chat bam trén rong nhu voé ¢,
cac manh vun san ho va bao quan & -5 °C.

Héa chét: Than hoat tinh, chitosan va ammonium sulfate (Trung Qudc), enzyme cellulast
(ché pham cua enzyme cellulase) (Novozymes).
2.2. Phuwong phap nghién ciru
2.2.1. Thu nhgn dich trich Iy C-PC tur rong C.demersum

Cén 1 g rong kh6 hoa véi dém phosphat 0,1M pH 5,8 theo ty 1¢ 1:20 (w/v), bo sung
enzyme cellulast véi nong d6 80 EGU/g khuay tir & 31 °C trong 240 phat, ly tam thu dich chiét
C-PC thé [9].

2.2.2. Khdo sdt anh hiong cia nong dé than hoat tinh, chitosan va thoi gian hap phu dén qud
trinh tinh sach C-PC

Dich chiét tho C-PC hoa véi than hoat tinh & cac nong do khao sat (0, 1, 2, 3, 4, 5% w/v), sau
d6 tinh sach véi chitosan & mdi n(‘”)ng do6 tuong ing khac nhau (0; 0,1; 0,2; 0,3; 0,4; 0,5% V/V) &
nhiét do phong tai cac mdc thoi gian (5, 15, 25, 35, 45 phit), thuc hién ly tim thu dich dé danh
gi4 hé sé tinh sach cua C-PC.

2.2.3. Khdo sdt anh hureng ciia nong dé bao hoa ammonium sulfate dén qud trink tinh sach C-PC

Dich sau tinh sach bang than hoat tinh va chitosan dugc két tua 2 phan doan véi ammonium
sulfate. Tta phan doan 1 (tua tap, ba con lai trong dich): Thém ammonium sulfate dén néng do
bio hoa 20%, két tua trong 2 gior & nhiét do 4 °C, sau d6 ly tim 5500 vong/phit trong 15 phut
dé thu nhan phan phan dich néi. Tua phan doan 2, phan dich néi dwoc khao sat tai cac khoang
n(‘Bng d6 bao hoa khac nhau (tir 20-30%, 20-40%, 20-50% va 20-60%), thoi gian nhiét d6 va
ly tim nhu phéan doan 1, taa thu dwoc sau ly tim duoc x4c dinh hé s tinh sach caa C-PC.

2.3. Phwong phap phén tich
Ham luong va hé sé tinh sach cua C-PC dugc xac dinh bang may quang phdé UV-Vis
(Spectrophotometer genesys 10S UV-Vis) nhu sau:
- Ham lugng C-PC (mg/mL) = (As20nm-0,7Ass0nm)/7,38 va
- Hé s tinh sach ctiia C-PC dugc tinh theo ty 18 ctia Aszonm/Azsonm.

Trong do, As2onm, ,A65°”m lan luot 12 do hép thu cyuc dai va do phat quang cuc dai cia
C-PC va Azsonm 1a d9 hap thu cua tong protein [10, 11].
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2.4. Phwong phap xir 1y s6 liéu

Céc thi nghiém duoc I3p lai 3 Ian, két qua duoc xir Iy bang phan mém Microsoft Excel
2019, su khac biét va chon céc thong so phu hop dua trén két qua phén tich cua phén mém
IBM SPSS Statistics 23. Két qua duoc trinh bay dudi dang gia tri trung binh +sai s6.

3. KET QUA VA THAO LUAN
3.1. Anh hwéng cia nong d than hoat tinh

Nong do than hoat tinh ¢6 tac dong dang ké dén hé s tinh sach ciing nhu ham luong cua
C-PC. Anh huéng cua than hoat tinh 1én hé sb tinh sach va ham lwgng C-PC thé hién trong
Bang 1.

Hap phu qua than hoat tinh da lam sach céc protein trong luong phén tir thap trong chiét
Xuit C-PC tho, Herrera et al. (1989) dé phat hién ring sau qua trinh xt ly bang than hoat tinh,
céc protein tap c6 trong lugng phan tir thap hon 25 kDa, giam 30% so voi mau khong duoc xir
1y bang than hoat tinh [12]. Cac thir nghiém tinh sach sir dung than hoat tinh trugc day trén
chiét xuat thoé cua C-PC cho thdy ham luong C-PC giam va hé sb tinh sach dat cao nhét khi
nong do than hoat tinh ting.

Bang 1. Anh hudng cia néng d6 than hoat tinh dén hé sd tinh sach C-PC

Nong dcfz (zm/?oat tinh He s6 tinh sach Hz‘in(l nl]gm?_ )C-PC
0 (0,401 + 0,037)? (0,184 + 0,007)¢
1 (0,745 + 0,068)° (0,181 + 0,007)¢
2 (1,182 + 0,045)° (0,173 + 0,004)¢
3 (1,487 + 0,030)¢ (0,141 + 0,009)¢
4 (1,507 £ 0,022)¢ (0,128 + 0,007)°
5 (1,558 + 0,044)¢ (0,110 + 0,006)?

abed Cac chiv cdi khdc nhau trong ciing mgt cot thé hién su khdc nhau
c6 y nghia vé mat thong ké theo phdn tich ANOVA (a. = 0,05)

Than hoat tinh ¢6 kha niang hip phu tét va nhanh gitp ting hiéu qua tinh sach C-PC tur
dich chiét tho. Bang 1 cho thay tai ndng do than hoat tinh 5%, hé s tinh sach C-PC dat 1,56,
tang 3,9 1an so véi khong sir dung than hoat tinh (0,40). Tuy nhién, tai ndng d6 than hoat tinh
5% khong khac biét ¥ nghia vé hé s tinh sach so véi ndng do 3% va 4%, dong thoi véi luong
than hoat tinh nhiéu s& hap phu ca C-PC dan dén giam ndng d6 C-PC trong dich chiét thd, do
d6 ndng do than hoat tinh 3% dwoc chon dé tién hanh thi nghiém tiép theo. Két qua nay c6 su
khac biét so véi cac nghién ctru trude day: Gantar et al. (2012) sir dung cho tinh sach C-PC tir
Limnothrix sp.véi than hoat tinh & nong d6 1% (w/v) [13] thu dwoc ché pham C-PC c6 hé sb
tinh sach 3,6, thi nghiém cua Safaei et al. sir dung nong do than hoat tinh 1 12% (w/v) cho hé
s6 tinh sach C-PC 2,56 [14] hay véi nong d6 than hoat tinh 50 g/L dwgc Herera et al. sir dung
tinh sach trén dich chiét thé C-PC thu nhan tir Spirulina maxima [12] va Liao et al. tinh sach
C-PC tur Spirulina platenis véi ndng do than hoat tinh 80 g/L [5] cho hé s6 tinh sach C-PC lan
luot 1a 1,46 va 2,78. Sy khac biét nay c6 thé do ham lugng khéc nhau ciia C-PC va cac protein
khac trong dich chiét tho cua mdi nguyén liéu, khi ham lwong C-PC ciing nhu cia protein tap
nhiéu trong dich chiét thé C-PC doi hoi ndng do than hoat tinh nhiéu hon dé thu dugc C-PC
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c6 hé s6 tinh sach cao nhat va ham lugng C-PC giam khong dang ké vé mit thong ke.
3.2. Anh hwéng ciia nong dd chitosan

Chitosan cung cap kha nang lién két manh mé (do chira nhom amino va hydroxyl),
chitosan c6 thé hoat ddng nhu mét chat hap phu cac phan tir, bao gom cac hop chit polyphenol,
thuéc nhugm va ion kim loai [15], tir 6 c6 thé hd tro trong qué trinh tinh sach C-PC. Anh
huéng cua chitosan 1én qua trinh tinh sach C-PC duoc thé hién trong Bang 2. Nong d chitosan
anh huong dang ké dén hé sb tinh sach cua C-PC. Khi sir dung chitosan ¢ ham lugng thap lam
giam kha ndng hap thy cac tap chit, trong khi ¢ ham luong cao, pH moi truong bi giam do
nong d6 acetic acid cao, dan dén C-PC c6 thé bi bién tinh, két taa hay mat 6n dinh. Bén canh
d6, do kha nang hap phy mau ciia chitosan c6 thé hap thu mét phan mau cua cac hop chat mau
bén trong dich chiét tho, do d6 c6 thé hap thy mau ciia C-PC, giam tinh tng dung cia C-PC
sau nay. Ty & chitosan/dich chiét phu hop cho thi nghiém 14 0,3% (v/v) dat hé sb tinh sach
1,97. Do d6 bét 6n dinh trong mdi trudng acid cia C-PC ma nhiéu nghién ctru thudng sir dung
ty 1& chitosan/dich chiét tir 0,1-1%. Safaei et al. [14], khi tinh sach C-PC tir Limnothrix sp.
NSO1 da st dung dung dich chitosan 2% va ty Ié chitosan/chiét xuat 1a 0,2% véi pH duoc diéu
chinh 12 6,9 hay Liao et al. [5], thuc hién trén Spirulina platensis cho thay ty Ié chitosan/dich
chiét 0,3% l1a tbi wu dé thu dugc C-PC c6 hé sb tinh sach cao nhét.

Bdng 2. Anh huong ctia ndng do chitosan dén hé s6 tinh sach va ham lwong C-PC

Ty lé chit(c()’/sozil/r)\// )dich chiét Hé s6 tinh sach Hém(rlrl]r;/r;r?LC):—PC
0 (1,505 + 0,043)? (0,130 + 0,005)¢

0,1 (1,591 + 0,035)? (0,120 + 0,006)¢%

0.2 (1,722 + 0,032)P (0,112 + 0,005)c

03 (1,968 + 0,057)¢ (0,102 + 0,007)"

0,4 (1,822 + 0,028)° (0,098 + 0,007)°

05 (1,795 + 0,082)° (0,081 + 0,002)?

abe.r Cac chir cdi khdc n}gau trong cung mét cot thé hién su khdc nhau
¢6 y nghia vée mat thong ké theo phan tich ANOVA (o = 0,05)

3.3. Anh hwéng cia thoi gian hdp phu bang than hoat tinh va hap thu béi chitosan

Thoi gian co6 tac dong dén hau hét cac phuong phép trich ly cling nhu tinh sach, thoi gian
quéa ngan khién qua trinh hap phu chua hoan toan, thoi gian qua dai anh huong 16n dén ham
lwong C-PC dan dén giam hiéu suit thu hdi. Hé sb tinh sach C-PC khi khao sat thoi gian hip
phu boi than hoat tinh thé hi¢n trong Bang 3.

Than hoat tinh 12 mot chat x6p c6 dién tich bé mat hap phu 16n, kha ning phan tan va hip
phu tot, c6 thé hap phu cac tap chat vat 1y. Do do, théng thuong thoi gian can thiét dé hap phu
cac tap chat khong nhiéu. Thoi gian tinh sach bang than hoat tinh phti hop cho thi nghiém 1a
15 phut véi hé sé tinh sach dat 2,01. Két qua phu hop véi cong bd cua Fekrat et al. [16] rang
véi thoi gian hap phy bang than hoat tinh 16n hon 18 phut tac dong xau dén ham lugng C-PC
do than hoat tinh s& hap phu ca C-PC thay vi hip thu protein khac, Carol et al. ciing thuc hién
tinh sach véi than hoat tinh va chitosan trong 15 phut, sau d6 tién hanh ly tim thu dich cho
budc tinh sach tiép theo [17].
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Bang 3. Anh huéng cua thoi gian hép phu bang than hoat tinh va chitosan dén
hé so tinh sach va ham lugng C-PC

Thoi gian (phuat) Hé sb tinh sach Ham luong C-PC (mg/mL)
5 (1,909 + 0,020)° (0,123 + 0,003)¢
15 (2,012 + 0,025)P (0,117 + 0,009)¢
25 (2,077 +0,056)° (0,104 £ 0,003)¢
35 (2,091 + 0,035)° (0,086 + 0,005)°
45 (2,069 + 0,065)° (0,075 £ 0,007)?

abed: Cac chir cdi khac nh’au trong cing mot cét thé hién sw khdc nhau
c6 y nghia vé mat thong ké theo phdn tich ANOVA (o = 0,05)

3.4. Tinh sach C-PC bang ammonium sulfate

Tién hanh taa dich sau ly tim bang ammonium sulfate vi phan doan 1 (0-20% bao hoa)
dé loai bo mot sé protein tap va khao sat tir 20% bao hoa 1én cac nong do 30, 40, 50, 60% bio
hoa dé thu tua C-PC [18]. Bang 4 cho thay ndng do va hé sé tinh sach cia C-PC trong qua
trinh tinh sach bang ammonium sulfate.

Bdng 4. Anh huong ctia do bio hoa ammonium sulfate dén tinh sach C-PC

Thi nghiém amx%ﬁ%u‘;@ gj‘l‘;alt‘g"z% )| Tinhkniét Hé‘“‘(ggfs'm
1 20 - 30 (1,827 0,057 | (2,000 = 0,060)?
2 20 - 40 (2420 0,046)° | (2,474 = 0,055)°
3 20 - 50 (2,623 £0,042° | (3,676 % 0,030)°
4 20 - 60 (2,550 £ 0,078 | (3,739 =0,119)°

abe: Cac chi cdi khac nhau trong cung mot cot thé hién su khdc nhau
c6 y nghia vé mat thong ké theo phdn tich ANOVA (a = 0,05)

Sau khi so bo tinh sach bang than hoat tinh va chitosan, tiép tuc tién hanh tinh sach bang
phuong phap két taa phan doan ammonium sulfate. Két qua cho thay, khi duoc tua & ndng do
bao hoa tir 20-50% thi hé s6 tinh sach caa C-PC cao nhét dat 2,62. Két qua nay twong ty Voi
thi nghiém cua Silva et al. khi khao sat qua trinh tiia phan doan bang ammonium sulfate & cac
ndng do bao hoa khac nhau: 20-50%, 25-50%, 35-50% va 40-50%, h¢ b tinh sach cua C-PC
dat cao nhét 13 1,66 & phan doan 20-50%. O phan doan diu 20%, hé sé tinh sach cia C-PC cai
thién khong dang ké, tuy nhién, khi ndng do bao hoa ting 1én 50% thi loai bo dugc dang ké
cac protein tap [19]. Tuong tu v6i két qua nghién ctru cia Moraes & Kalil khi tién hanh tinh
sach C-PC tir S. platensis, da thuc hién két taa & 0-20% va 20-50% va thu dugc hé s tinh sach
cao gap 2 lan so Vi dich trich tho [20]. Phuong phap két tia phan doan ciing dugc Kamble et al.
ung dung dé tinh sach C-PC tir bot tao Spirulina, tir dich trich c6 hé s6 tinh sach 0,161, qua
giai doan tia ammonium sulfate ¢ nong d6 bdo hoa 50%, hé s tinh sach da tang Ién dang ké
gap 4 lan 12 0,628 [21]. Patel et al. ciing sir dung mudi ammmonium sulfate dé thyc hién tinh
sach C-PC tir 2 loai tao 1a Spirulina va Phormidium. Patel et al. thyc hién két tia 2 phan doan
25-50%, két qua cho thiy, & phan doan dau 25% thi hé s tinh sach tang 1én khong déng ké (&
Spirulina tang tir dich trich th6 0,80 1én 0,82, Phormidium tang tir 0,69 1én 0,73). Phan doan
50% cho thay loai bo dwoc mot lwong I6n céc tap chat c6 trong dich trich va d ting sach ting
lén dang ké (Spirulina tang tir 0,82 1én 2,66, Phormidium tang tir 0,73 1én 1,62) [8]. Cac két qua
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trén déu cho thdy, C-PC bi két tia & khoang nong d6 ammonium sulfate 1a 50%. Tuy nhién,
khi so sanh két qua véi nghién ctru cia Song et al., qua trinh tinh sach C-PC tir S. platensis
bang ammonium sulfate & ndng d6 bio hoa 20-30% dat duoc hé sé tinh sach cao nhat 1a 1,81,
va khi ndng d6 bao hoa ciia ammonium sulfate ting trén 50% thi hé s tinh sach ciia C-PC bit
dau giam, tham chi thip hon so véi dich trich ban dau [11]. Su khac biét gitra cac két qua
nghién ctru co thé giai thich do céc protein c6 ngudn gbc khac nhau c6 nong d6 ammonium
sulfate can thiét dé tua khac nhau. Theo nghién ctru cua Figueira et al., thyc hién khao sat
thoi gian két tia & cac mac 2 gio, 4 gio, 6 gio va 12 gio, két qua cho théy khong co su khac
biét v& hé sb tinh sach gitra cac muc thoi gian khao sat va 2 gid dugc cho 1a thoi gian t6i vu
dé thuc hién qua trinh két taa & mdi phan doan [22]. Theo cac nghién ciru cia Song et al. va
Kamble et al., 2 gio ciing 1a khoang thoi gian thich hop dé thuc hién qua trinh két tua protein
[11, 21]. Vi vay, két taa phan doan 20-50% ndng d6 bio hoa ammonium sulfate 1a phi hop dé
tinh sach C-PC tir C. demersum.

Hiéu qua cua qua trinh tinh sach bang mudi ammonium sulfate duoc trinh bay & Bang 5,
hiéu suat thu hoi dat 51,11%.

5 Hinh 1. Pién di C-PC sau mdi budc tinh sach
(T: Thang chuan, 1: Dich chiét tho; 2: C-PC sau tinh sach véi than hoat tinh va chitosan;
3: C-PC sau tinh sach v6i ammonium sulfate).

Bdng 5. Hiéu suét thu hdi sau qué trinh tinh sach C-PC

Qué trinh xi Iy T:hé tich | Ham luong Ham luong CA:'-PCA Hiéuk_suét
mau (mL) | C-PC (mg/mL) | (mg/g sinh khoi kho) |thu hoi (%)
Trich ly 3 lan (trich kiét) 200 0,089 4,430 100
Trich ly 1 1an (thong thuong) 80 0,180 3,600 81,21
Tua ammonium sulfate 2 3,680 1,840 51,11

4. KET LUAN

Anh huong cia ndng do chat gay hap thy, thoi gian hap thy va két tua (than hoat tinh, ty
& chitosan/dich chiét), thoi gian va do bdo hoa ammonium sulfate dén do tinh khiét ciia C-PC
da duoc tién hanh khao sat. Két qua cho thay: Nong do than hoat tinh 3% (wW/v), ty I¢
chitosan/dich chiét 0,3% (v/v) vai thoi gian tia trong 15 phiit va ndng dé ammonium sulfate
& mirc bao hoa 50% 1a phit hop dé so bo tinh sach C-PC tir rong Ceratophyllum submersum.
Do tinh khiét caa C-PC cao hon 6 1an so véi C-PC ¢ dich chiét tho (2,62 so véi 0,4 mg/mL)
va hiéu suit thu héi dat 51,11%.
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ABSTRACT

PRELIMINARY PURIFICATION OF C-PHYCOCYANIN
FROM Ceratophyllum Demersum WITH ACTIVATED CHARCOAL,
CHITOSAN AND AMMONIUM SULFATE

Nguyen Long Nhat, Do Mai Thi, Luu Truong Vu, Hoang Thi Ngoc Nhon*
Ho Chi Minh City University of Food Industry
*Email: nhonhtn@fst.edu.vn

C-phycocyanin (C-PC) from raw materials - a compound with many important activities
(anti-oxidant, anti-inflammatory, anti-cancer) has been extracted and preliminarily clean to
increase purity for C-PC. C-PC extracts from the raw materials, after being adsorbed via
activated carbon and chitosan at each survey parameter were precipitated with ammonium
sulfate at suitable saturation concentration. The results showed that the concentration of
activated carbon and chitosan was 3% (w/v) and 0.3% (v/v) for 15 minutes, ammonium sulfate
precipitated to 50% saturation significantly improved the purity of C-PC (2.62) compared with
extract (0.40) and recovery efficiency (51.11%).

Keywords: Ammonium sulfate, C-phycocyanin, Ceratophyllum demersum, activated charcoal,
chitosan.
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