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Abstract: This study was conducted to develop and validate a high performance liquid chromatography
(HPLC) method for the quantification of vitamin C in survival tablets. The optimized chromatographic conditions
consisted of a C18 (250 x 4,6 mm, Sum) column, a mobile phase of water containing 0,1% acetic acid and
methanol (90 : 10, v/v), a flow rate of 0,5 mL/min, an injection volume of 10 uL, and a detection wavelength of
245 nm. Samples were processed by single ultrasonic extraction with a 0,1% TFA solution in water for 15 minutes.
The method was validated according to ICH guidelines and showed good system suitability and high specificity.
The method exhibited a linear range of 0,25 — 500 ug/mL with a correlation coefficient R*=0.9999. The limit
of detection (LOD) and the limit of quantification (LOQ) were 0,10 ug/mL and 0,25 ug/mL, respectively. The
precision of the method was satisfactory, with intra—day and inter—day RSD values below 2%, and recovery rates
ranging from 95 to 105% (RSD < 2%). These results confirm that the method is suitable for the determination of
vitamin C content in survival tablets.
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XAY DUNG VA THAM DINH PHUONG PHAP DINH LUO'NG VITAMIN CTRONG VIEN
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Tom tit: Nghién ciru tién hanh xdy dung va tham dinh phirong phdp dinh heong vitamin C trong vién nén
sinh ton bang sdc ky long hiéu ning cao (HPLC). Piéu kien sdc ky gom cot C18 (250 x 4,6 mm, 5/1m) pha dong
dung dich acid acetic 0,1% — methanol (90 : 10, v/v), toc do dong 0,5 mL/phut, thé tich tiém 10 uL va bude séng
phat hién tai 245 nm. Mau duoc xur Iy bang phirong phap chiét siéu am mét lan voi dung dich TFA 0,1% trong
15 phut. Phwong phap dat yéu cau tham dinh theo yéu cau ciia ICH véi tinh twong thich hé thong va dj ddc hiéu
cao. Phiong phdp c6 khoang tuyén tinh tir 0,25 — 500 ug/mL véi hé s6 twong quan R? = 0,9999; gidi han phdt
hién (LOD) va giéi han dinh heong (LOQ) lan heot la 0,10 ug/mL va 0,25 ug/mL. PG chinh xdc cia phwong phdp
dat yéu cau voi gid tri RSD trong ngay va khdc ngay déu nho hon 2%, dong thoi dg thu hoi nam trong khodng
95— 105% v6i RSD < 2%. Cdc két qua khdo sdt dat yéu cau vé tham dinh, co thé dp dung dé xdc dinh ham hrong
vitamin C trong vién nén sinh ton.

Tir khéa: Vién nén sinh ton, vitamin C, HPLC, tham dinh phicong phdp
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1. PAT VAN PE

Vitamin C 1a mdt hop chat hiru co tan trong nudc
va tham gia vao nhiéu qua trinh sinh hoc. Hop chét nay
thuong duge dua vao cic dang bao ché nhu vién nén
trong nhiéu san phdm nhu thudc, thuc pham bd sung va
my pham nho nhiéu tac dung ddi véi stc khoe. Vién nén
sinh ton 1a mot ché phdm dugc bao ché nho gon dé cung
cép nang luong va dinh dudng thiét yéu thuong duoc sir
dung cho cac van dong vién, nguoi leo nui, tham hiém
hay trong cac truong hop khan cip nhu thién tai bio 1, sir
dung cho quan doi khi thuc hién nhiém vu & moéi truong
kho khin thiéu diéu kién ndu nuéng. Thanh phan chinh
ctia vién nén sinh ton g6m stra bt tach béo, duong, dau
thuc vat, protein, vitamin va khoang chét trong do vitamin
C chiém ham luong 16n trong nhém vitamin ctia vién nén
sinh ton [1].

Vitamin C 1a vitamin ¢6 tinh khir manh va dé bi
oxy hoéa boi nhiét do, anh sang va moi truong [2, 3].
Vitamin C ¢6 tac dung trong phong va diéu tri bénh
scorbut, chéng oxy hoa, ting sirc d& khang, ... [4 — 7]
trong vién nén sinh t6n thi vitamin C ¢6 vai trd bd sung
vitamin thiét yéu, hd trg duy tri chirc nang mién dich va
tang cuong hap thu sit, gop phan dam bao gi tri dinh
dudng cua san phrflm, dac biét dbi voi nguoi st dung
trong diéu kién hoat dong thé luc cao hodc han ché vé
nguodn thyc pham [1]. Do d6, viéc xac dinh chinh xac
ham luong vitamin C trong vién nén sinh ton ¢ ¥ nghia
quan trong trong kiém soat chat luong va dam bao hiéu
qué str dung. Hién nay, trong cac nghién ctru trén nhiéu
nén miu khac nhau vitamin C thuong duoc dinh lugng
bang phuong phap chuin do, quang phd UV-Vis, LC-
MS/MS, HPLC [8 — 19]. Trong d6, phuong phap chudn
d6 va UV-Vis con han ché vé do chon loc va do nhay
khi 4p dyng trén nén mau phic tap, trong khi LC-MS/
MS doi hoi thiét bi hién dai va chi phi phan tich cao. Sic
ky long hiéu nang cao (HPLC) la phuong phap dugc su
dung rong rai nho c¢6 d6 chinh xac, dd nhay va kha nang
phén tich t6t ddi v6i cac nén mau phirc tap, dong thoi
phu hop véi diéu kién phong thi nghiém thong thuong.
Hién nay chua c6 nghién ciru nao vé dinh lugng vitamin
C trong vién nén sinh tén bang phuong phap HPLC vi
vay, nghién ctru nay dugc thuc hién nham muc tiéu xay
dung va tham dinh phuong phap dinh lugng vitamin C
trong vién nén sinh ton bang HPLC.

2. THUC NGHIEM
2.1. Pbi twgng nghién ctru

Doi tugng nghién ctru 1a vitamin C trong vién nén
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sinh ton (The Survival Tabs) dwoc My san xuét véi cac
thanh phén chinh gém: Saccharose, stra bot tach béo,
dau thyc vat, vitamin C, canxi, vitamin E, vitamin B2,
vitamin B3, k&m, sat, kali, vitamin A, vitamin D3, ...
trong d6 ham lugng vitamin C khoang 3,2 mg/vién,
khéi lwong vién sinh ton trung binh cua 20 vién Ia
3,5494 g.
2.2. Nguyén vt li¢u, thiét bi nghién ctru
2.2.1. Thiét bi, dung cu

Céc thiét bi, dung cu dung: H¢ théng HPLC Waters
detector PDA (M¥); can phan tich Mettler Toledo
MS105 (Thuy S§) do chinh xac 0,01 mg; may ly
tam lanh Hettich MIKRO 220R (Puc); may siéu am
Elmasonic SH — 40 (Puc); b loc hut chan khong dung
cho sic ky; cot sic ky YMC C18 (250 x 4,6 mm, 5 pm)
(Nhat); micropipet; binh dinh murc tdi mau va cac thiét
bi, dung cu khéc.

2.2.2. Chiit chudn, héa chét va dung moi

Chdt chudn: Acid ascorbic ham lugng 100,1% (s6
16: C0421031) dwoc cung cap boi Vién kiém nghiém
thude Trung wong. Acid acetic (glacial) (Merck), acid
trifluoroacetic (Sigma Aldrich), acid formic (Fisher),
ethanol (Merck, loai HPLC), methanol (Merck, loai
HPLC), ortho — acid phosphoric (Merck).

2.3. Phwong phap nghién ciru
2.3.1. Chudin bi méu

Dung dich chudn goc: Can chinh xac khoang 10
mg chit chuan acid ascorbic cho vao binh dinh mirc t6i
mau 10 mL, thém 5 mL nuéc cat 2 1an, lic siéu 4m 5
phut dé hoa tan hoan toan. Thém nudc dén vach dinh
muc thu duge dung dich chuan gbc vitamin C ndng
do 1 mg/mL, str dung trong ngay bao quan lanh & 5°C
tranh anh sang.

Dung dich chudn lam viéc: Tt dung dich chuan gbc
pha lodng véi nuée cat 2 lan thanh dung dich chuan
lam viéc vitamin C nong d 500 pg/mL. Dung dich nay
dugc sir dung dé pha cac dung dich chuin c6 ndng do
pht hop vé6i diéu kién thi nghiém thyc té.

Dung dich thir: Can 1 g bot vién nén sinh ton cho
vao binh dinh mtrc tbi mau 20 mL; thém dung méi pha
mau va lc siéu am trong thoi gian phu hop. Sau do ly
tam lanh & 5°C téc do 4500 vong/phit trong 10 phiit,
ldy phan dung dich phia trén (pha lodng néu can), loc
qua mang loc 0,45 um tién hanh chay sic ky.
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Hinh 1. Mau vién nén sinh ton

2.3.2. Khdo sdt diéu kién sdic ky

Vi vitamin C tan tot trong nudc, phan cyc manh, dé
bi ion héa do d6 dé tai s dung vitamin C chuan nong
d6 50 pg/mL duoc pha tir dung dich chuén lam viéc
tién hanh khao sat cac diéu kién sic ky nham lua chon
hé pha dong va thong s6 t6i wu. Nghién ctru tién hanh
khao sat mot s6 diéu kién sic ky nhu sau: Dung moi
pha dong gom acid acetic 0,1% (A); methanol (B) dugc
khao sat & cac ty I¢ khac nhau va chay theo chuong
trinh dang dong nhu sau: 100% (A); 90% : 10%; 70%
2 30%; 50% : 50% (A : B, v/v). Pong thoi khao sat loai
acid bd sung vao pha nuéc (acid acetic, acid formic,
acid phosphoric) va néng d6 acid (0,1%; 0,25%:; 0,5%;
1%). Tbc do dong duoc khao sat & cac mac 0,5 mL/
phut; 0,7 mL/phut va 1 mL/phat. Cac thong sb sic ky
c¢b dinh gdm: Cot YMC C18 (250 x 4,6 mm, S-5 pum),
thé tich tiém méu 10 pL.

Yéu cau: O mdi diéu kién khao sat thyc hién lap lai 3
14n Iyra chon diéu kién ma thoi gian luu phit hop, hinh anh
pic sdc nét nhat, dién tich pic 16n, pic can dbi véi hé sb dbi
ximg 0,8 < As < 1,5; tinh khiét pic ding dau do PDA phai
dat Purity Angle < Purity Threshold, ph so & ba diém trén
pic tring nhau, s dia 1y thuyét N > 2000.

2.3.3. Khdo sdt diéu kién xir Iy miu

Tién hanh khéo sat cac didu kién xir Iy mau nhu dung
mdi chiét gdm: nude co bd sung acid trifluoroacetic (TFA),
methanol, ethanol; thoi gian chiét (5, 15, 30, 60 phut); ty
16 bot/dung méi (1/10, 1/20, 1/40 g/mL); s6 1an chiét (1,
2,3 lén), ttr d6 lwa chon diéu kién dam bao hiéu suét cao
nhung van tiét kiém dung moi, thoi gian va phu hop véi
kinh té k¥ thuat phong thi nghiém.

Yéu cau: Tét ca cac thi nghiém dugc thuc hién 1dp lai 3
1an, két qua dugc xir Iy thong ké va danh gia dya trén ham
lugng vitamin C thu dwoc két hop voi hinh dang pic sic ky
dé Iya chon diéu kién ti .

2.3.4. Thim dinh phuwong phép phan tich

Phuong phép dinh lugng dugc thim dinh theo hudng
dan cua ICH g(“)m: tinh tuong thich h¢ théng, do dac
hiéu, khoang tuyén tinh va duong chuin, giéi han phat
hién (LOD), gidi han dinh luong (LOQ), d6 chinh xac,
do dung [20].
2.3.5. Phwong phdp xir Iy sé ligu

Céc két qua thyc nghiém dugc tinh toan trén Microsoft
Office Excel 2016, cac so sanh théng ké thuc hién trén
SPSS 27. Céc thi nghiém duoc tién hanh lap lai 3 1an, tinh
gia tri trung binh va d¢ 1éch chuén (SD). Phan tich khac
biét trung binh One-way ANOVA duoc sir dung dé so sanh
su khéc nhau gitta cac nhom. p < 0,05 (*), p < 0,01 (*%*),
P <0,001 (***) dugc coi 1 khac biét c6 y nghia thong ké.
3. KET QUA VA BAN LUAN
3.1. Két qua khao sat diéu kién sic ky

Két qua khdo sdt pha dpng

Hg pha dong dung dich acid acetic 0,1% — MeOH (90
: 10, v/v) dugc lua chon lam pha dong cta phuong phap
phén tich.
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Hinh 2. Sdc ky khdo sdt pha dong acid acetic 0,1% —
MeOH (90 : 10, v/v)

Lua chon pha dong acid acetic 0,1% — MeOH (90 :
10, v/v) cho hinh anh sdc nét, dién tich pic 16n hon cac
pha dong khao sat khac. Viée bd sung acid gitup han ché
ion hoa va 6n dinh vitamin C, dong thoi giam twong tac
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véi cac nhom silanol ty do trén cot C18. Methanol giup
cai thién kha nang rira giai va lam pic sac nét hon, pha
dong ciing phit hop vé6i phan 16n cac nghién ciru vé dinh

Bing 1. Két qua khdo sdt logi acid thém vao kénh nuéc

luong vitamin C bang HPLC khi pha dong déu két hop
gitta nudc thém acid va dung moéi hitu co [17, 21 —22].

Két qud khdo sat logi acid thém vao kénh nuoc

tLhO;:lavc;g ty (Phit) | Spic (uV.s) dé?fli’sl?gb(é:s) tﬁﬁycff (113) Purity Angle Tlll)l}:el;il:zld
6,735 3026126 1,151 12657,52 0,054 0,254
Acid acetic 6,720 | 3025732 1,148 11963,31 0,047 0,254
6,741 3024180 1,148 12361,10 0,044 0,251
6,785 3029327 0,966 6406,36 0,085 0,253
Acid formic | 6,783 3019879 0,976 6482,06 0,064 0,260
6,779 | 3026574 0,978 663245 0,073 0,260
6,877 3023334 1,02 8880,97 0,046 0,248
oh (f:;lil‘iﬂc 6,721 3032155 1,01 8581,34 0,037 0,243
6,827 3021688 0,985 8652,86 0,036 0,243

Tir bang 1 cho thiy acid acetic cho sb dia Iy thuyét 16n nhat, do d6 dugc Iua chon dé bé sung vao pha dong. Ddi véi
acid formic, mic du pic twong déi di ximg voi gia tri As khoang 0,9; s6 dia 1y thuyét giam dang ké so véi acid acetic,
cho thiy hiéu suét cot thap hon. Dbi véi acid phosphoric, cac thong s6 sic ky dat mirc trung binh, tuy nhién s dia Iy
thuyét van thip hon so v&i acid acetic. Su khac biét vé hiéu qua sic ky c¢6 thé lién quan dén sy khac nhau vé do acid va
pH ctia pha dong khi st dung cac acid khac nhau

Két qud khdo sdt nong dj acid thém vao kénh nwéc

Bing 2. Két qua khdo sdt nong dé acid thém vao kénh mede

Phﬁ(I':/:)r ™| Pnio | Spic (Vi) Hféﬁgbggﬁi tﬁﬁﬁff é\y}) Purity Angle Tlfl}::l:lgld

6,421 3001632 1,112 12162,13 0,048 0,256

0,1 6,387 2998463 1,109 12564,26 0,051 0,247
6,426 2981463 1,116 12354,14 0,046 0,248

6,406 3025314 1,091 12564,21 0,054 0,257

0,25 6,386 3016214 1,102 12663,13 0,046 0,254
6,416 3012634 1,087 12325,65 0,047 0,250

6,312 3012561 1,101 12622,25 0,058 0,261

0,5 6,327 3021012 1,097 12513,71 0,061 0,258
6,312 3012621 1,112 1223737 0,064 0,255

6,393 2986314 1,086 11923,61 0,068 0,241

1 6,382 2975614 1,080 11852,72 0,061 0,238
6,396 2981469 1,087 11985,22 0,057 0,246
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Két qua bang 2 cho thiy ndng do acid khong lam anh
hudng dén két qua pic thu duge. Do d6 lya chon nong do
0,1% acid acetic thém vao kénh nudc. Khi ting nong do
acid c6 thé anh huong dén pha tinh giy hong pha tinh,
giam tudi tho cot, do d6 trong HPLC ndng d acid trong
pha dong thudng duoc duy tri & mic thip nhim dam bao
kiém soat pH hiéu qua ma khong lam giam tudi tho, higu
sudt cot. Viée Iira chon 0,1% acid acetic 1a hop Iy vi n6ng

d6 du dé 6n dinh vitamin C, khong qua cao giy tuong tic
giam hiéu ning cot ma cac thong sb van dat yéu cau.

Két qua khdo sdt toc dp dong

Khao sat toe d6 dong tai cac muc 0,5 mL/phut; 0,7
mL/phit va 1 mL/phtt nhim dénh gia anh huong cia
tbc do dong dén thoi gian luu, dién tich pic va hiéu qua
tach cta vitamin C. Két qua khao sat duoc trinh bay tai
bang 3.

Bing 3. Két qua khdo sdt toc dp dong

(biphat, | % P00 | Spieqv | IR By | Puritvangle | plGl
6,772 2995941 1,146 12651,75 0,033 0,251

0,5 6,761 3012563 1,148 11523,23 0,034 0,251
6,781 3002623 1,154 12356,57 0,057 0,286

4,904 2099000 1,056 9813,02 0,086 0,262

0,7 4,872 2102654 1,037 9756,58 0,081 0,271
4,886 2084513 1,088 9847.,38 0,075 0,272

3,894 1601222 0,995 7513,56 0,080 0,265

1 3,865 1612645 0,997 7589,12 0,087 0,261
3,897 1595314 0,998 7567,39 0,078 0,263

Tbc do dong 0,5 mL/phut cho dién tich pic 16n, sé
dia ly thuyét cao do d6 lua chon téc do dong 0,5 mL/
phut ciia phuong phap phén tich. Khi ting téc d6 dong
tur 0,5 1én 1 mL/phit, thoi gian luu giam 1o rét, phan
anh ding ban chat dong hoc cia qua trinh sic ky khi
van toc pha dong ting lam giam thoi gian chat phan
tich tuong tac voi pha tinh cung véi giam thoi gian
tiép xtic ctia chat phan tich vé6i detector. Tuy nhién, sy
giam thoi gian luu nay di kém voi sy suy giam dang
ké s6 dia 1y thuyét (tir > 12000 xudng khoang 7500),
cho thdy hiéu niang cot giam khi van téc dong ting.
Xu huéng nay phu hop véi phuong trinh Van Deemter,
theo d6 hiéu qua tach phu thudc vao sy cin bang giita
cac yéu t6 khuéch tan doc va su chuyén khéi. O toc do
dong thap (0,5 mL/phut), twong tic gitta pha dong va
pha tinh dién ra day du, giup giam do gidn pic va ting
s6 dia 1y thuyét. Diéu nay duoc thé hién qua gia tri N
cao nhat va dién tich pic 1on nhét, ching t6 tin hiéu thu
duoc 6n dinh va do nhay cao hon. Sy suy gidm vé hiéu
nang tach, dic biét trong truong hop mau co nén phirc
tap nhu vién nén sinh ton can do phan giai cao dé tranh

nhiéu. Trong nghién ctru nay téc d6 dong 0,5 mL/phut
mac du cho thoi gian phan tich dai hon nhung khong
dang ké so véi tbc do dong 0,7 mL/phat va 1 mL/pht,
bén canh d6 con tiét kiém duoc dung moi, dam bao )
dia 1y thuyét cao, dién tich pic 16n cho kha ning tach
t6t hon trong nén mau phirc tap.

Tir cac két qua trén, diéu kién sdc ky dé dinh luong
vitamin C dwoc tong hop nhw sau: Cot sic ky pha dao
YMC C18 (250 x 4,6 mm; Spm). Pha dong: acid acetic
0,1% - MeOH (90 : 10, v/v) theo chuwong trinh dang
dong. Toc d6 dong: 0,5 mL/phit. Detector PDA: Phat
hién ¢ budc song 245 nm. Nhiét do cot: 25°C. Thé tich
tiém: 10 pL.

3.2. Két qua khao sat diéu kién xir Iy mau

Két qua khdo sdt dung méi chiét

Khao sat dung méi chiét miu bao gdm: 0,1%
trifluoroacetic, ethanol, methanol giup danh gid kha
ning chiét vitamin C thong qua ham luong va hinh
anh cua sic ky do. Két qua thé hién tai bang 4 va
hinh 3.
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Bing 4. Két qua khdo st dung méi chiét mau
Ae 1K Khdi lrgng cin X N Ham lwgng Trung binh
Dung mai chiét : Nong d¢ (ng/mL : SD
: ® B (e/mb) | (mgg) (mg/g)
1,0021 45,625 0,911
0,1% TFA 1,0076 45,278 0,899 0,904 0,006
1,0082 45,440 0,901
1,0027 21,020 0,419
EtOH 1,0062 21,294 0,423 0,423 0,003
1,0035 21,360 0,426
1,0031 _
MeOH 1,0056 _
1,0021 B
oo Acid trifluoroacetic
0:12 Ethanol
_ oo, g
008" Methanol %

Tir bang 4 va hinh 3 dung méi chiét 0,1% TFA cho ham lugng chiét vitamin C tir vién nén sinh ton 1a 16n nhat véi
ham luong trung binh 0,904 (mg/g); hinh anh pic trén sic ky do sic nét; can d6i khong ché. Do d6 lya chon 0,1% TFA

Hinh 3. Sic ky do khdo sat dung méi chiét

lam dung méi chiét mau vién nén sinh ton.
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Dung mbi chiét dong vai trd quan trong trong viéc hoa
tan va 6n dinh vitamin C khi phan tich tir nén vién nén
sinh t6n. Mot dung moéi chiét pht hop khong chi can dam
bao kha ning hoa tan tot vitamin C ma con phai kiém soat
duoc cac yéu to gy phan huy hoat chat va loai bo cac
thanh phan tap khong can thiét trong nén mau. Dung méi
nuée 0,1% acid trifluoroacetic cho ham luong vitamin C
cao nhat (0,904 £ 0,006 mg/g), trong khi ethanol cho ham
luong thap hon (0,423 mg/g + 0,003) va methanol cho sic
ky d6 khong pht hop. V& mét hoa hoc, vitamin C 1a mot
hop chat ¢6 tinh khir manh, rat nhay véi qua trinh oxy
hoéa, dac bi¢t trong moi trudng pH trung tinh hodc kiém.
Trong nghién ctru nay, TFA dong vai tro acid manh, giup
kiém soat pH hiéu qua, tir d6 bao vé vitamin C trong sudt
qué trinh chiét va phan tich. Bén canh d6, TFA c6 kha
ning bién tinh va két tiia protein. Trong mau vién nén sinh
ton vitamin C ¢ thé bj gitr hodc tuong tac voi nén mau,
viéc TFA gy két ta protein gitip giai phong vitamin C
khoi nén mau, dong thoi loai bo cac thanh phan tap, tir
do cai thién dang ké hinh dang pic sic ky (pic sic nét,
khong ché). Bén canh d6 ethanol mic du co thé giy két
tua protein, nhung tinh phéan cuc trung binh kha nang hoa
tan vitamin C thap hon va ting hoa tan tap chat. Methanol
ciing c6 thé hoa tan vitamin C va tiia protein tuy nhién
methanol lai hoa tan nhiéu tap chat tir nén mau, lam ting
nhiéu va anh huong dén tin hiéu sic ky, va khong 6n dinh
duoc vitamin C.

Két qua khdo st thoi gian chiét siéu dm

Két qua khao st thoi gian chiét cho thiy tai thoi gian
15 phat cho ham lugng vitamin C chiét dugc 16n nhat. Do
do, 15 phut dugce lya chon cho céac khao sat tiép theo.
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Sphat 15 phat 30 phit 60 phit
Thai gian chiét (phit)

1

e o
o

=
(RS

o

Ham lrgng Vitamin C
(mg/g)

Hinh 4. Anh huong thoi gian chiét dén ham liong
vitamin C
Thoi gian chiét 13 mot thong sd anh huong dén ham
lugng hoat chét chiét dugc dic biét khi ap dung phuong
phép siéu am. Két qua cho thiy ham luong vitamin C ting
cao khi kéo dai thoi gian si€u am tir 5 phut (0,780 £ 0,009
mg/g) Ién 15 phit (0,897 £ 0,005 mg/g voin = 3), sau do

lai giam dan khi tiép tuc kéo dai dén 30 phat va 60 phat. O
giai doan dau (5 — 15 phut), sy gia ting ham luong vitamin
C c6 thé duoc giai thich bdi co ché cua siéu am. Hién
tuong tao ra cac vi bot khi trong dung moi, khi cac bot
nay sup do chiing gitip pha v& ciu triic vién nén, lam ting
dién tich tiép xtc va thiic ddy qué trinh khuéch tan vitamin
C tir nén mau ran vao dung méi. Tuy nhién, khi kéo dai
thoi gian si€éu &m vuot qua 15 phut, ham luong vitamin C
lai giam dén (con 0,831 + 0,005 mg/g & 30 phut va 0,683
+ 0,007 mg/g & 60 phit). Pidu nay cho thdy khi vitamin
C da dugc tach ra khoi nén miu bat ddu ¢6 sy phan huy.
Vitamin C vdn 1a mot hop chét khong bén, dé bi oxy hoa
dudi tac dong cua nhiét do, oxy hoa tan va cac géc tu do.
Trong qua trinh siéu am kéo dai nhiét do cao dong thoi
lam ting cac thanh phan khac hoa tan vao dung méi tir do
lam oxy héa vitamin C. Bén canh d6, thoi gian siéu am dai
cling lam ting nhiét do tong thé cang 1am ting téc d6 phan
huy hoat chit.
Két qua khao sat ty 16 bot/dung moi
Két qua khao sat ty 1& bot/dung mdi dwoc thé hién
trong hinh sau:
1

9]
g 08

E

S 06

~ 304

e <02

g 0

= 1:20

Ty 1€ bot/dung moi

Hinh 5. Anh hwong ty 1é bot/dung méi dén ham heong
vitamin C
Két qua cho thay ¢ ty 1& 1/20 (g/mL) cho ham lugng
chiét vitamin C cao nhit. Do do, ty 1€ nay duogc lua chon
cho nghién ctru. Khi thay déity 16 tir 1 : 40 dén 1 : 10 (¢/
mL), ham lugng vitamin C ting cao nhit 0,898 + 0,002
mg/g tai ty 16 1 : 20, sau d6 giam ¢ ty 18 1 : 10 (g/mL). O
ty 1¢ dung moi 1 : 40, méc du dung moi 16n tao diéu kién
thuan loi cho qué trinh khuéch tan vitamin C tir pha ran
vao pha I6ng, nhung ndng d6 dung dich thu dugc lai thap
do bi pha loang, lam giam do nhay cta phép phan tich va
d& bi anh huong boi nhidu nén. Dong thoi khi chiét siéu
am, thé tich dung méi qué 16n cling 1am giam mat do tac
dong 1én mAau, tir d6 han ché hiéu qua pha vo cAu trac nén.
Két qud khdo sdt s6 lin chiét
Két qua khao sat sb 1an chiét dugc thé hién trong
hinh sau:
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Lan 2
S6 1an chiét

Ham lwong
Vitamin C (mg/g)

Lén 1 Lan 3

Hinh 6. Anh hwong s6 lan chiét dén ham leong vitamin C

Két qua khao sat cho thiy phan I6n vitamin C dugc
chiét & 1an chiét dau tién ham lugng vitamin C chiét duge
0,899 + 0,008 mg/g véi hiéu suét trung binh dat 93,939%.
Ham lugng vitamin C thu dugc & lan chiét thar hai va
thir ba giam dang ké, véi hiéu suat lan luot 14 4,389% va

1,672%. Trong diéu kién khao sat, lan chiét thir nhat thu
duoc phén 16n lugng vitamin C co thé chiét duoc va cac
lan chiét tiép theo chi chiét dugc mot luong tuong dbinho,
vé mit thuc tién viée thuc hién nhiéu 1an chiét khong chi
lam tang thoi gian thao tac, dung moi str dung ma con lam
tang sai s6 trong qué trinh xr Iy mau, trong khi higu qua
cai thién 1a khong dang ké. Do do, chiét 1 1an duoc lua
chon.
3.3. Két qua thim dinh phwong phap

Tinh twong thich hé thong

Tién hanh sic ky 6 lan lap lai theo phuong phéap da xay
dyng miu chuén vitamin C ndng d6 50 pg/mL dugc pha
tu dung dich chuén lam viée. Xéac dinh gia tri thoi gian luu,
dién tich pic, hé sb bat dbi xtmg, s6 dia ly thuyét két qua
thé hién tai bang 5.

Bing 5. Két qua tinh twong thich hé thong

STT t, (phit) Spic (1V.s) Hé s bat dbi ximg (As) | S6 dia ly thuyét (N)
1 6,726 3076423 1,166 11398
2 6,726 3072677 1,170 11518
3 6,737 3072498 1,173 11510
4 6,741 3072498 1,163 11456
5 6,740 3055237 1,165 11365
6 6,741 3045971 1,164 11480
TB 6,730 3065884 1,167 11455
RSD (%) 0,108 0,401 0,332 0,538

Gia tri RSD (%) cuia thoi gian Iuu 1a 0,108% nho hon
1%, cac thong sd Spic, As va N déu nho hon 2%. Hé s6
bat dbi ximg (As) trung binh 1,167 nim trong khoang 0,8
—1,5; s dia ly thuyét (N) trung binh 11455 16n hon 2000
cho thiy hé théng phu hop dé dinh lugng vitamin C véi
tinh tuwong thich cao.

0.010¢
0.008

0.006

AU

0.002

0,000 e
0.00

1.00 2.00 3.00 4.00 5.00

D¢ dic hiéu

Tién hanh sic ky dong thoi dung moi, mau chuin
vitamin C nong d6 50 pg/mL, mau thuc, mau thuc thém
chuan vitamin C nong d9 50 pg/mL két qua dugc the hién
tai cac hinh sau.

6.00 7.00 8.00 900 1000 1100 1200

Minutes

Hinh 7. Sdc ky d6 dung méi
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Tir céc hinh trén cho thiy trén sic ky d6 ciia dung moi
pha miu khong xuét hién cac pic c6 thoi gian luu tuong
mg véi thoi gian luu cua pic vitamin C trén sic ky do
dung dich chuan. Sic ky d6 cia mau thir, mau thir thém
chuan cho pic c6 thoi gian luu twong g véi thoi gian luu
cta pic vitamin C trén sac ky d6 mau chuan. Phd UV clia
pic mau thir, mau thir thém chuin tuong ty phé UV cua
pic mau chuén. Tinh khiét pic khi sir dung detector PDA
cho thiy pic & mau thir va miu thir thém chuin déu tinh
khiét. Két qua cho thiy phwong phéap phén tich c6 d6 dic
hiéu cao.

Khodng tuyén tinh va dwong chudn

Khoang tuyén tinh ctia phwong phap tir 0,25 — 500 pg/
mL (R? = 0,9999) duoc thé hién trong hinh sau.

40000000 y = 58158x + 44652

R2=10.9999
2 30000000

>

Z 20000000
=3
=
@ 10000000

0

cho thay khoang tuyén tinh cho khoang ndng d6 rong. Do
d6 khoang ndng do 2 — 200 pg/mL duoc lya chon lam
khoang dudng chuan lam viéc dinh luong vitamin C trong
vién nén sinh ton. Viéc lya chon khoang duong chuan nay
nhiam dam bao ndng do cac dung dich mau sau xir Iy nim
trong pham vi duong chuan, dong thoi dap tmg yéu cau
vé d6 tuyén tinh va d6 chinh xac cua phép dinh luong.
Pudng chuin thu duge ¢6 phuong trinh y = 59307x +
3042,6 v6i hé s6 twong quan R? = 0,9999, cho thiy mbi
twong quan tuyén tinh rat chit ché gitra dién tich pic va
nong d6 vitamin C.

Gidi han phat hi¢n (LOD) va gioi han dinh lugng
(LOQ)

Sic ky v6i nong d6 chuan vitamin C giam dan bang
phuong phép da xay dung theo ddi chiéu cao pic va nhidu
két luan LOD (S/N = 3), LOQ (S/N = 10) cua phuong
phéap. Két qua thé hién tai bang 6.

Bing 6. Két qua xdc dinh LOD va LOQ

100 200 300 400 500 600
Néng d vitamin C (ug/mL)

Hinh 11. o6 thi biéu dién méi twong quan tuyén tinh
giita dién tich pic va nong do vitamin C

Sau khi khao sat khoang tuyén tinh ctia phwong phéap
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STT Nf”)ng do (ug/mL) | Spic (uV.s) S/N
1 5890 3,11
2 0,1 6268 4,03
3 5731 3,20
4 15260 10,84
5 0,25 14986 9,90
6 15985 11,48
8
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10.00 11.00 12.00

Hinh 12. Scic ky dé tai LOD (a) va LOQ (b)
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Tir két qua bang 6 va hinh 12 cho théy tai tai nong do
0,25 pg/mL c6 S/N khoang 10, tai ndng d6 0,10 pg/mL
¢6 S/N khoang 3. Do ¢6 LOD, LOQ ctia phuong phép lan
luot 12 0,10 pg/mL va 0,25 pg/mL.

Dé chinh xac

Tién hanh tiém sic ky 6 1dn mau thir riéng biét duoc

chuan bj theo quy trinh, x4c dinh ham luong vitamin C
trong mot vién nén sinh ton. Lap lai ca quy trinh trén vao 2
ngay tiép theo trén 6 mau va quy trinh xur 1y tuong tur (46
chinh trung gian). Két qua RSD (%) vé& ham lugng vitamin
C trong vién nén sinh ton trong 3 ngay lién tiép ctia mau
phén tich duoc thé hién & bang sau.

Bing 7. Két qua khdo sat d chinh xdc

. x .| Khdi lwgng cin . Ham lugng Trung binh RSD
Ngay | Mau thw (gam) Spic (nV.s) (mg/vién) (mg/vién) SD (%)
1 1,0035 2666682 3,177
2 1,0054 2682260 3,190
3 1,0076 2670474 3,169
1 3,164 0,021 0,661
4 1,0052 2651942 3,154
5 1,0070 2635358 3,129
6 1,0043 2659704 3,166
7 1,0025 2700592 3,221
8 1,0031 2648363 3,157
9 1,0068 2672808 3,174
2 3,179 0,031 0,978
10 1,0061 2685455 3,191
11 1,0028 2682899 3,199
12 1,0056 2636108 3,134
13 1,0058 2662808 3,165
14 1,0087 2655621 3,148
15 1,0026 2676361 3,192
3 3,174 0,020 0,618
16 1,0036 2684761 3,198
17 1,0021 2648143 3,159
18 1,0058 2675142 3,180
RSD (%) cua 3 ngay 0,751

Bing 8. Phin tich ANOVA két qua ham heong vitamin C giita cdc ngay

Anova: Single Factor

P-value Fcrit

SUMMARY

Groups Count Sum  Average Variance
N1 6 18,985 3,164167 0,00044
N2 6 19,076 3,179333 0,000968
N3 6 19,042 3,173667 0,000383
ANOVA
Source of Variation SS df MS F
Between Groups 0,000705

Within Groups 0,008958

Total 0,009662

2 0,000352 0,590101 0,566637 3,68232
15 0,000597

Dua vao bang 7 cho thay két qua RSD trong ngay va lién ngay (ngay 2, ngay 3) lan luot 12 0,661%; 0,978%; 0,618%
(< 2,0%) va RSD cuia 3 ngay 13 0,751% (< 3,0%), phan tich théng ké so sanh giita cic ngy cho F < F o VA gid tri
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p value

> 0,05 (bang 8) cho thdy su khac biét khong ¢6 ¥

bo dung dugc thuc hién béng céch thém chuan vitamin

nghia thong ké, tir d6 quy trinh dinh lwong dat d6 chinh  C vao nén méu thuc vién nén sinh tén & cac mic ndng do

X4c. 80%, 100%, 120% so voi néng‘dé c6 sin trong mag thye,
D diing moi mire thém chuan l1ap lai 3 1an xac dinh d9 thu hoi. Két
qua dugc thé hién tai bang 9.
Bing 9. Két qua ddanh gid do thu hoi
Miy | Luong chuin thém | Spic | Lwong chuén tim | Thu hdi Do thu hoi sp | RSD
vao (ug/mL) (nV.s) lai (ng/mL) (%) trung binh (%) (%)
4915968 37,799 99,733
80% 37,90 4926304 37,973 100,193 99,650 0,590 | 0,592
4899998 37,530 99,023
5439322 46,623 102,582
100% 45,45 5414981 46,213 101,679 101,729 0,829 | 0,815
5394699 45,871 100,926
5955044 55,319 100,398
120% 55,10 5896421 54,331 98,604 100,287 1,630 | 1,626
6002786 56,124 101,859

Két qua cho thay do thu hoi trung binh & cac mirc thém
chuén 80%, 100%, 120% lan luot 1a 99,650%; 101,729%;
100,287% (ndm trong gidi han tir 95 — 105%) va c6 gia
tri RSD% < 2,0%, cho thiy phwong phap dat yéu cau vé
dung.

4. BAN LUAN

Vitamin C duoc dinh luong bang nhidu phuong phap
nhu chuan d6, UV-Vis, HPLC va LC-MS/MS. Trong do,
HPLC c6 wu diém vé kha nang phan tach va do chon loc,
pht hop véi nén miu phic tap. Romeu-Nadal va cong su
(2006) dinh lugng vitamin C trong sita ngudi bing HPLC
v6i pha dong acid acetic 0,1% — methanol (95 : 5, v/v),
tdc do dong 0,7 mL/phut va thdi gian luu khoang 3,9 phit
[25]. Alhat va Kokate (2019) cling st dung c6t C18 (250
x 4,6 mm; 5 um) dé dinh lugng vitamin C trong vién sui,
phat hién tai 255 nm va dat yéu cau vé do tuyén tinh, do
dung va do chinh xac [19]. Trong nghién ctru nay, diéu
kién dugc t6i wu voi pha dong nude chira 0,1% acid acetic
— methanol (90 : 10, v/v), tbc do dong 0,5 mL/phut va
budc song 245 nm. Sy khac biét vé diéu kién sic ky do
ddc diém nén mau vién nén sinh ton chita nhiéu thanh
ph?m nhu stta bot tach béo, duong, dau thue vat, protein,
vitamin va khoang chét.

Vé xir ly miu, Spinola va cong su (2012) st dung moi
trudng acid trong phan tich vitamin C bing UHPLC-PDA
trén nén rau qua, cho thiy viéc kiém soat méi trudng acid
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¢6 vai tro trong han ché sy phan hay vitamin C [22]. Trong
nghién ctru nay, dung dich 0,1% TFA dugc lya chon lam
dung méi chiét do cho ham luong vitamin C thu dugc cao
nhét va pic sac ky can ddi, phit hop voi dic diém nén vién
nén sinh t6n. Do nén mau khac biét so voi cac nghién ctru
trude, quy trinh xtr Iy mau can dugc khao sat, t6i wu riéng
va két qua nghién ctru pht hop véi cac cong bd trude vé
kha nang ap dung HPLC dé dinh luong vitamin C trong
cac nén mau khac nhau.

5. KET LUAN

Nghién ctru da xay dung va thdm dinh duoc phuong
phap dinh lugng vitamin C trong vién nén sinh ton bang
HPLC vdi diéu kién sac ky gdm cot sac ky C18 (250 x 4,6
mm, Sum), pha dong hdn hop dung dich acid acetic 0,1%
—MeOH (90 : 10, v/v); toc do dong 0,5 mL/phut; thé tich
tiém 10 pL; nhiét d6 cdt 25°C; detector dat tai budc song
245 nm. Mau dugc xtr Iy bang chiét siéu am véi dung dich
TFA 0,1% trong 15 phat. Phuong phap dugc tham dinh
véi tinh tuwong thich hé théng; do dac hiéu cao; khoang
tuyén tinh cua phuong phap tir 0,25 — 500 pg/mL cho hé
s6 R2=0,9999; LOD, LOQ ciia phuong phép lan luot la
0,10 pg/mL va 0,25 pg/mL; d¢ chinh x4c cao khi cho gia
tri RSD % trong ngdy va & cac ngay déu nho hon 2%;
d6 thu hdi ndm trong gidi han tir 95 — 105% va c6 gia tri
RSD% < 2,0%; cho thay quy trinh phéan tich phu hop dé
dinh lugng vitamin C trong vién nén sinh ton.
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