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Tom tit

Nghién ciru phat trién phuong phap xac dinh mot sO phu gia thyc pham trong nen mau
nguyén liéu va hon hop phu gia bang quang pho hong ngoai. Mo hinh binh phuong t01 thiéu
tung phan (PLS) v6i ma tran 07 vecto tri riéng duoc xay dung voi mau chuan (24 mau chua
ddng thoi 04 chit phan tich) dugc ap dung dé xac dinh don chat hodc xac dinh dong thoi gom
guar, CMC, carrageenan, xanthan gom trong cac mau hon hop phuy gia thuc pham. Ma tran gom
10 mau duoc tao boi bdn chét phan tich dé danh gia do chinh xaq ctia md hinh PLS. Két qua
cho thay, sai so twong doi tur 1,1 - 15% v6i m6 hinh PLS. Cac di€u kién thi nghiém t61 vu la
vung pho: 1700 - 900 cm’!; ty 1€ cua mau/KBr: 2/98 (w/w); khoi luong €p vién 15 mg. Ung
dung phuong phap dé xac dinh 04 chat phan tich trong 15 mau nguyén liéu va hon hop phu gia
thuc pham,t 2017.

Tir khoa: FTIR, gom guar, CMC, carrageenan, xanthan gém, PLS.

1. PAT VAN PE

7 Kiém soat chat lugng yél an toan th}_rc pham can thgc hién & tit ca cac chudi ché bién thuc
pham, tr nguyén liéu tho dén thanh pham. Pac biét, doi voi nganh cong nghé ché bien thuc
pham hién nay, viéc da dang hoa thanh pham tir viéc thay dbi cau tric, ting huong vi, duy tri
chat luong dinh dudng nho st dung cac phy gia thyc pham mang lai gia tri kinh té va van hoa
am thuc rat 16m.

Trong s6 cac thanh phan nguyén liéu thyc pham duoc sir dung rong rai hién nay,
polysaccharide la mot nhom cac chat c6 cau trac da dang va phuc tap. Viéc nghién ctu
x4c dinh déc tinh cia polysaccharide 1a mt thach thuc véi cac nha nghién cuu [10]. Hau
hét cac phuong phép phan tich hién nay chi dung lai ¢ viéc dinh lugng thanh phan
polysaccharlde don 1é khi da biét loai polysaccharlde [4]. Cac phuong phap phan tich
truyén théng thuong ton thoi gian va yéu cau qua trinh chuan bi mau phuc tap. Mau can
duoc thuy phéan thanh cac monosaccharide va phan tich trén cac thiét bi nhu: sic ky, dién
di, dién hoa va quang pho [5, 8, 11, 13]. Nhuoc diém I6n nhat ctua cac phuong phap nay
1a qué trinh thiy phan thudng khong hoan toan va kho dp dung dé phan tich hdn hop
polysaccharide.

Quang phd hong ngoai bién ddi Fourier (FTIR) 1a mot phuong phap phan tich nhanh va
nhay d6i véi cac hop chit c6 nhom chirc hoa hoc dic trung trong cau trac [2]. Phuong phap
duoc su dung dé xéac dinh cac hop chét chua biét, xac nhén ciu tric va dinh lu(_n,lg. Chemgmetrlcs
[1, 3,9, 12] dugc dinh nghia 1a viéc tng dung cac phuong phap toan hoc, thong ké, do hoa,...

*Dién thogi: 0963385124 Email: luutrangl710@gmail.com
Tap chi Kiém nghiém va An toan thuc pham, Tap 3, S6 |, 2020



Luu Thi Huyén Trang, Lé Thi Thay, Tran Hodng Giang.... Phang VG Phong

dé quy hoach thuc nghiém, tdi wu hoa céac thong tin hod hoc trich ra tir tap sb liéu phan tich va
dua ra t0i da nhiing thong tin hitu ich tir tap s6 liéu ban dau. Sy khac nhau trong cau tric gitra
cac polysaccharide 1a co s6' d€ nhan biét chung bang quang pho hong ngoai, két hop thong ké
da bién dé dinh lugng chinh x4c chat phan tich trong hon hop.
2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Héa chit va thiét bj

Chat chuan, hoa chat: Cac chét chudn sir dung trong nghién ciru gdm carrageenan, gom
guar, sodium carboxymethyl cellulose (CMC), xanthan gom tur Sigma Aldrich, cac hoa chat:
ethanol tir Merck, KBr tir Thermo Scientific.

Thiét bi: Thiét bi quang phd hong ngoai Thermo Scientific Nicolet iS50 FT-IR dai s6 song
do 4000 - 400 cm™!, detector nhiét DTGS.

Péi twong miu gdm cac mau nguyén liéu va hdn hop phu gia. Cac mau dugc 1y ngau
nhién trén dia ban Ha Noi tir thang 8 dén thang 10 nam 2019.
2.2. Phwong phap nghién ctru
2.2.1. Khdo sdt viing phé hdp thu hong ngoai ciia cdc chat phdn tich

Céu trac phan tir ctia cac qhét phan tich c6 chira cac lién két va cac nhom chirc nhu Sulfate,
CO, CH, OH,... c6 kha nang héap thu buc xa trong vung hong ngoai trung. Do do tién hanh do
pho hdng ngoai ctia cac hoat chat nghién clru trong vung pho ttr 4000 - 400 cm! Chuan bi mau
bang cach tron déu 3 mg hoat chét véi 97 mg KBr, nghlen min va ddng nhit bang cdi ma nio
trong 15 phut, can khoang 15 mg hon hop vira dong nhit cho vao bd dung cu ép vién, ép sao

cho vién mong, trong sudt, sau d6 tién hanh do phd hap thu hong ngoai trong ving phd 4000 -
400 cm’!

2.2.2. Khao sat ty 1é khoi lwong mau/KBr

KBr ¢6 vai tro quan trong trong phan tich pho hong ngoai truyen qua, no loai trir duogc
van dé cac bang hap thu do cau tur tao ho va cho pho t6t hon. Dé khao sat lwa chon ti 1¢ khdi
luong mau/KBr phu hop tién hanh khao sat bang cach tron timg chuan phan tich voi KBr theo
ty 1¢ khoi lugng mau trén KBr la x/y voix =1-10vay =100 - x.

2.2.3. Xdy dung mé hinh hoi qui da bién

Pé dinh luong nhanh va dong thoi 04 chat gdm CMC, carrageenan, xanthan gom, gom
guar trong nguyén li¢u va hon hgp phu gia, thuc hién cac budc nhu sau:

- Budc 1: Chuan bi 24 mAu chuén, 10 miu kiém tra chira dong thoi bon chat CMC,
carrageenan, xanthan gom, gom guar v6i ty 1¢ thay doi khac nhau. Tién hanh tron déu va nghién
min, dong nhat hdn hop trong cbi ma nio khoang 15 phut.

- Budce 2: Lay mot lugng hdn hop vira tron véi KBr theo ty 1& t6i uu, nghién min, dong
nhat mau trong cdi mi ndo 15 phut.

- Bude 3: Cén chinh xac mot lugng bot vira nghién dugc cho vao bo ép thuy luc dé thu
duoc vién mau mong va trong sudt. Po pho hdng ngoai cia vién mau, ghi lai do hap thu céc
mau, xuat sé liéu dudi dang ASCII va chuyén dit lidu vao phan mém Matlab dé tinh két qua.

- Budc 4: Buong chuan da bién duoc xay dung dya trén ma tran do hap thu quang cua cac
mau chuin va mau kiém tra. Xt 1y s6 liéu trén phan mém Matlab, tinh toan theo mé hinh hé sO
hoi quy theo 2 phuong phap PLS va PCR. So sanh sai sd tuong d6i cua moi phuong phap, lya
chon phuong phap tdi uru nhat dé tién hanh dinh luong cac mau thyc té.

Sai s6 tuong dbi duge xac dinh bang cong thie: Saiso = (X - Xktra) 100/X

oktra oktra
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Trong d6: Xjtrq & ham Iugng chat phan tich tir mau chuan va mau kiém tra
Xktra 12 ham luong chét phan tich duogc tinh lai tir mo6 hinh.
3. KET QUA VA BAN LUAN
Trén co s¢ tham khao tai liu [1, 9], tin hiéu do pho hong ngoai anh hudng boi rat nhiéu
yeu t6: ham luong chét trong mau, muc do phan tan dong déu cuia chit trong mau do, d6 day

mau, kich thudc hat,... Trong nghién ctru ndy, viéc khao sat duoc thyc hién voi cac yéu t6 gom:
Iira chon vung pho thich hop, ham luong cac chat trong méau do, d6 day mau.

3.1. Khio sat viing phd hap thu hong ngoai ciia cac chit phan tich
Pho hong ngoai cua bon chiat CMC, carrageenan, canthan gom, gom guar duoc két qua
trong hinh 1.
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Hinh 1. Phé chong bon chit gom guar, CMC, xanthan gém,
carrageenan trong vung 4000 - 400 cm™!

Pé phuong phap nghién ctru ¢6 d chinh xac cao, dbi v6i mau dang rin can chon duoc
ving pho cho tin hiéu cao dbi v6i hoat chat. Tir két qua do pho trong hinh 1 nhan thiy, cac chat
nhom polysacchrides déu hap thu manh trong khoang sb song 1700 - 900 cm'. Khi chdng cac
pho hép thy cta bdn chat két qua cho thay: tuy ciing xuat hién cac dinh pic dic trung cta cac
nhom chue CO, C-H, sulfat nhung do tac dong cua cac nhom chire 13n nhau nén c6 sy thay ddi
chiéu cao va dinh pic tai cac budc song khac nhau, néu dung phuong phap duong chuan hay thém
chudn dé dinh luong dong thoi cac chat trong mau 1a diéu khong thé thuc hién dugc, ma phai sir
dung phuong phéap pho hong ngoai két hop vai toan hoa dé dinh lugng duoc timg chit nay.

3.2. Khio sat ty 1¢ khéi hrgng miu/ KBr

Khi trén bdn chét chuan gém guar, CMC, xanthan gom, carrageenan v6i KBr theo ty 18
khdi luong khac nhau két qua duoc thé hién trong bang 1, 2, 3, 4.

Bing 1. Anh huéng cia 1y 1¢ khoi lwong gém guar/KBr dén do hap thu quang
tai cdc s6 song ddc trung

Ty Ié méu/KBr
/
| \memg) 1/99 2/98 3/97 4/96 5/95
S0 song:
v (em™)
1653,47 0998 | 1,089 1,152 1,198 | 1,265
1419,42 1052 | 1,152 1,209 1,295 1,356
1014,46 1237 | 1,325 1,381 1,427 1,489
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Bing 2. Anh huéng ciia 1y 1é khé{ liwong CMC/KBr dén d¢ hdp thu quang
tai cac so song ddc trung

Ty Ié méu/KBr
y

o O\(mg/mg) 1/99 2/98 3/97 4/96 5/95

80 song

v (cm™)
1617,03 1119 1,208 1267 1291 1276
1419,59 1113 1,245 1281 1314 1357
1327.88 1114 1,185 1261 1283 1.259
105698 1,091 1,218 1254 1265 1293

Bing 3. Anh huong cua ty I¢ khoi lugng carrageenan/KBr dén
do hap thu quang tai cac so song ddac trung

Ty 1é méu/KBr
54 séng(mg/mg) 1/99 2/98 3/97 4/96 5/95
v (cm™)
1653,11 1,163 1,140 1,249 1,569 1,556
1256,28 1,145 1,199 1,234 1,578 1,620
1069,19 1,189 1,229 1,325 1,691 1,792

Bing 4. Anh huwong cia ty 16 khéi leong xanthan gom/KBr dén

dé hdp thu quang tai cdc sé séng déc trung

Ty 1é mdu/KBr
56 sime (mg/me) | 199 2/98 3/97 4/96 5/95
v (cm™)
1618,07 0975 | 1,0521 | 1,132 1,196 1,250
1407,32 0,902 0987 | 1,156 1272 1,325
1250,35 0,821 0901 | 0964 | 0995 1,105
106885 1,037 1256 | 1,309 1,567 1,766

Két qua ¢ bang 1,2,3,4 cho thay, khi ty 1¢ khdi lwong mau/KBr ting thi d6 hap thu quang
cua cac mau vién cling tang 1én nhung do 1ap lai cua phép do cang kém. Néu lugng mau dua
vao qué nho thi d& gay ra sai s6 trong qua trinh cén, do d6 ty 18 khoi lugng mau/KBr 14 2/98 1a
phu hop.

Nhu vay, diéu kién tdi vu dé xac dinh ham lugng gém guar, CMC, xanthan gém, carrageenan
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trén FTIR 1a ving phd: 1700 - 900 cm, ty 16 khdi luong maw/KBr = 2/98, d6 day vién: 15 mg,
3.3. Panh gia tinh phu hgp ciia mé hinh PCR va PLS
3.3.1. Tim s6 PC phi hop cho mé hinh PCR, PLS
i Nhéap ma tran néng dd mau chuan va ma trén tin hi€u do cua cac mau chuin vao phén
mém Matlab, tim so cau tir chinh phu hop. Két qua dugc thé hién trén hinh 2.
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Hinh 2. Két qua phan tich tim sé cau tir chinh phit hop

Tir hinh 2 cho thiy, 07 cau tir ddu chiém khoang 95% lugng thong tin cua tap dit liéu. Do
d6 c6 thé két luan 07 cAu tir ban dau c6 anh hudng chinh téi cac thong tin chira trong tap s6 licu.
Vi vay, chung t6i lya chon sb cau tur chinh 13 07 duoc lua chon dé 1am co sé cho khong gian
maoi cua tap s liéu.
3.3.2. Danh gia tinh phu hop cua mé hinh PCR

Sau khi lya chon duoc sé cau tir chinh phu hop, tién hanh nhap cac két qua cua hai ma
tran ndng do chuin va ma tran ndng d6 kiém tra cung voi cac ma tran tin hiéu do vao trong phan
mem Matlab, tinh theo mé hinh PCR thu dugc két qua ham lugng va sai s6 twong ddi cia cac
mau kiém tra nhu trong bang 5.

Bang 5. Ham lvong (%) va sai 50 twong doi xac dinh dong thoi 04 chdt phan tich

trong mau kiém tra bang phirong phdp PCR

Ham luwgng tim thiy (%) Sai s6 twong ddi (%)

Mau ZZZ:’ CcCMC X‘Z’(;Zan Carrageenan Zz"; cMC X‘ZZZan Carrageenan
1 43,81 | 20,44 24,31 9,63 13,40 | -0,27 -22.26 -5,39
2 43,12 | 20,41 24,03 9,72 13,28 -2,93 - 10,23 -12,50
3 43,47 | 20,20 24,09 9,49 12,23 -3,08 - 7,67 -11,77
4 41,28 | 23,24 2435 12,37 14,79 11,27 -103,3 7,63
5 40,30 | 21,29 23,26 10,92 22,33 7,08 - 50,97 -11,28
6 40,65 | 20,61 23,15 10,29 20,53 2,11 -24,12 - 12,50
7 38,77 | 18,46 21,64 8,83 22,33 -9,23 17,78 -28,53
8 29,80 | 19,99 18,76 11,60 39,90 | -26,31 34,63 - 97,20
9 43,23 | 25,22 25,83 13,68 -52,63 | -43,53 33,33 10,91
10 | 47,12 | 25,38 27,38 13,17 847 | -12,51 - 69,34 - 34,55
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Tir bang 5 cho thiy két qua sai s6 trong d6i 16n & mot sé mau vuot qua sai s6 cho phép,
ham lugng cac cAu ttr thu duoce sai khac nhiéu so voi ham lugng cAu tr ban dau, do d6 mo hinh
PCR khong phai 1a mé hinh t6i wu dé xac dinh dong thoi cac hoat chat nghién ciru trong ciing
hon hop.

3.3.3. Panh gia tinh phu hop cua mé hinh PLS

Nhap cac két qua cua hai mai tran néng dd chuén va ma tran néng dd kiém tra cung voi
cac ma tran tin hi¢u do vao trong phan mém Matlab, tinh theo mé hinh binh phuong t6i thiéu
timg phan (PLS) thu duoc két qua so sanh twong quan ham lugng cua 04 chat phan tich tim
dugc tir mo hinh PLS va ham lugng thuc cua chiing trong mau chuan, dugc mé ta nhu trong
bang 6 va hinh 3.

Bdng 6. Ham luvong (%) va sai s6 twong doi xdc dinh dong thoi
04 chdt phén tich bang phwong phdp PLS

Ham lwong tim thiy (%) Sai s6 twong doi (%)

x Guar Guar

Mau oum CMC | Xanthan | Carrageenan oum CMC | Xanthan | Carrageenan
0, 0, 0, 0, 0, 0,
(%) (%) | gum (%) (%) %) (%) | gum (%) (%)

1 50,52 | 20,35 20,96 8,17 -0,15 -0,17 5,41 - 10,58

2 48,95 | 18,99 23,71 8,35 - 1,57 -4,22 8,76 -3,40

3 48,63 | 19,12 23,47 8,79 - 1,83 - 2,46 4,91 3,51

4 42,60 | 29,81 12,66 14,94 - 12,06 | 13,81 5,66 11,56

5 47,01 | 24,80 17,25 10,94 -9,39 8,26 11,93 11,53

6 50,37 | 20,95 19,38 9,30 - 1,53 -0,47 3,91 1,64

7 49,54 | 16,89 25,93 7,65 -0,74 - 0,08 - 1,50 11,29

8 51,35 | 17,04 24,85 6,76 3,56 7,66 - 13,43 14,93

9 31,01 | 15,07 39,71 14,20 9,49 - 14,20 2,51 -7,53

10 | 50,68 | 23,49 15,62 10,22 - 1,56 4,10 -3,42 4,38
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Tir bang 6 va hinh 3, cho thay két qua sai s6 tuong ddi nho, ham lugng céc ciu tir thu
dugc sai khac khong nhiéu so voi ham luong ciu tir ban dau. Trong 2 mo hinh, mé hinh PLS
cho két qua tot hon so v&i mo hinh PCR khi so sanh trong cac ma tran kiém tra. Do d6 dé dinh
lugng 04 chat gobm guar, CMC, carrageenan, xanthan gom bang phuong phap phd hdng ngoai
két hop véi thuat toan hoi quy da bién lya chon mo hinh PLS véi s6 PC = 7.

3.4. Phan tich trong mot s6 miu thue té
) Ung dung quy trinh dé xac dinh cac che”iNt trong mau nguyén liéu va hSn hop nguyén li¢u.
Tién hanh phén tich trén moét s6 mau thue (mau dang nguyén li¢u don chat va nguyén liéu hon
hop) dugc mua & chg. Két qua phan tich mau thyc dugc thé hién trong bang 7:
Ttr két qua thu duoc & bang 7 cho thay, voi cac mau nguyén liéu c6 ham luong trong

khoang 99,0 - 99,7%, con voi cac mau hdn hop c6 ham luong cac chit trong khoang tir 7,67 -
52,72%.

4. KET LUAN

Trong nghién ctu nay, viéc xac dinh dong thoi 04 chat da duoc thyc hién trén m6 hinh
hdi quy PLS, két qua ctia ma trdn mau chuan va mau kiém tra c6 sai so < 15% (c6 sai s6 nam
trong gioi han cho phép). Mat khac co thé tng dung mé hinh hoi qui tuyén tinh PLS két hop véi
phd hong ngoai glua dé xac dinh nhanh ham luong gom guar, CMC, carrageenan, xanthan gém
trong mau phy gia dang nguyén li¢u hén hop va don thanh phan dang luu hanh trén thi truong
hién nay. Uu diém ctia phuong phap 1a c6 thé dinh lugng nhanh, khong phai xir Iy mau vé dang
dung dich.
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Summary

STUDY ON THE METHOD FOR DETERMINATION OF SOME POLYSACCHARIDE FOOD
ADDITIVES BY FOURIER TRANSFORM INFRARED SPECTRUM (FTIR)

Luu Thi Huyen Trang', Le Thi Thuy', Tran Hoang Giang', Vu Thi Trang'
Nguyen Thi Minh Loi?, Phung Vu Phong?

National Institute for Food Control
’Quang Binh University
Institute for Technology of Radioactive and Rare Elements

In this study, the simultaneous quantitative analysis of samples using multivarite linear
regression based on near infrared spectrum has been developed. The model of partial least
squares (PLS) matrix with seven value vectors is built with a standard matrix of samples (24
samples containing four analytes together with a total number of excipients) are applied for
individual and/or simultaneous determination of guar gum, CMC, carrageenan, xanthan gum in
real samples. A matrix of test samples including 10 samples created by four analytes to assess
the accuracy of the PLS model. The results indicated that the relative error varied from 1.1 to
15%. The optimum experimental conditions were: spectral region: 1700 - 900 cm™'; volume ratio
of sample/KBr: 2/98 (w/w); weight per capsule was 15 mg. The method was applied to identify
four analytes in 15 material samples and food additive mixture samples.

Keywords: FTIR, guar gum, CMC, carrageenan, xanthan gum.
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