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Tém tit - Nghién ciu ndy nhdm phét trién phuong phép xéac
dinh nhanh ham lugng protein ciia ¢4 bién bang cach xay dung
mé hinh héi quy tuyén tinh cua do hap thu quang trén dai budc
song can hong ngoai. Pé lam dugc diéu nay, nhom nghién ctu
da do do hap thu quang cua 37 miu ¢, vai mdi gi tri budc séng
thu duoc gia tri hip thu X va dap ung Y 1a ham lugng protein
duoc phan tich bang phuong phap chudn. Két qua cho thdy mé
hinh hdi quy PLS tai vi tri gay sau khi tién xi Iy dir ligu cho két
qua tét nhat vai sé yéu tb chinh Ia 16, R-Square Cal 12 0,968,
R-Square Val la 0,8592. Str dung mo hinh d6 du doan ham
lwong protein cho 10 mau kiém chitng cho sai sé twong déi trong
khoang 0,06 - 8,75%. Sau khi kiém dinh lai hé s6 p cua md hinh
hdi quy bang T-Test hai phia cho két qua tat ca cac hé sé p déu
¢6 ¥ nghia théng ké, chirng minh ring tit ca cac bién X déu anh
huéng dén dap ung Y.

Tir khéa - Quang phd can hdng ngoai; PLS; PCR; Protein;
Thuy san

1. Pit véan dé

Viéc phén tich ham lugng cac chét dinh dudng trong
mau thuc pham bang phuong phép do phd can hong ngoai
dua trén nguyén ly: Su hap phu va phan xa anh sang &
budc séng 900 — 1700 nm cua cé4c chat voi Cau trdc hoa
hoc khac nhau 1a khac nhau [1]. Khi mét mau cua hop
chat hiru co duoc chiéu sang thi cac lién két lién tuc dao
dong, chling s& bi be cong, dan ra hodc co lai. Sy dao dong
nay tao ra mot kiéu van dong dang song trong cac cau noi
& mot tan sb dic trung cho ting nhém chire nang. Mot sb
tia t6i ¢6 tan s6 phil hop voi tan s6 ciia song dao dong &
bi hap thy, trong khi cac séng c6 tan sé khac s€ bi phan
Xa lai hogc bi truyén qua [2]. Tu phé thu dugc vé céc cau
n01 dic trung cho mot chat nao d6 cia mau do nho phan
mém quet pho (DLP NIRscan nano) s€ c6 dugc mot ma
tran cac gia tri s6 ciia phd cho mét chat hiru co tuong ng.
Mau d6 dong thoi ciing dugc phan tich thanh phan hoé
hoc. St dung mé hinh thong ké nhiéu bién cho phép
mo ta quan hé giira phd hap thu va thanh phan hoa hoc,
quan hé nay sau d6 chinh 1a mé hinh todn hoc dé chan
doan thanh phan hod hoc cua cc mau chua phéan tich tai
phong thi nghiém.

Mot s6 uu diém cta phuong phéap nay c6 thé ké dén nhu
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Ia mot k¥ thuat xanh than thién véi moi truong do khong
yéu cau dung moi va thudc thir, khong pha hiy cu tric
mau va co thé tai sir dung, phuong phdp nay phén tich
nhanh nhiéu thdng s khac nhau va cung Cap két qua chinh
xac trong vong chwa diy mot phat chi bang mot phép do
duy nhat va c6 thé van hanh bai nhimg nguoi khong cé kién
thirc chuyén mon, kién thire vé cac phan ng héa hoc va
phén tich hoa hoc.

Quang phd can hong ngoai dugc (g dung dau tién dé
do d6 4m trong ngii coc va hat giéng tir nam 1965 boi
Norris va cong su [3]. Bén nhitng nam 2000, cac nha khoa
hoc trén thé giGi da bit dau ng dung ki thuat nay dé
xéac dinh mot s6 loai ca ciing nhu thanh phan dinh dudng
cua ching. Ung dung quang phd NIR két hop véi thuat
toan PLS-DA dé thiét 1ap md hinh phan tich du doan
d6 dai, kha ning dan hoi, kha ning gitr nudc, luc cat, do
dan hoi va d¢ cing cua ca& Me Trang [4]. Dua trén cong
nghé VIS-NIRS dé thiét lap mo hinh phan biét fillet ca
ngir tuoi s6ng voi dong lanh / ra dong [5]. Su két hop giira
guang phd NIR va thuat toan PLS-DA dugc ap dung dé
phan biét bay loai c4, bao gom ca Trim co, ca Chép, ca
Vén, c4 Meé Tring, c4& Mé Hoa, ca Trim den, va ca Diéc
V6i ty 1¢ dtng 100% [6].
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2. Vit li¢u va phwong phap nghién ciru
2.1. Vat ligu
2.1.1. Mdu cé va chudn bi mau
Céac dbi twong mau thar bao géom 13 mau ca Ngir soc
dua, 16 mau cd Nuc so, 3 mau ca Chuon xanh, 2 mau ca
Phen mot soc, 3 mau ca Cang cat. Mau kiém dinh bao gom
6 mau gé Ngtr soc dua, 4 mau ca Nuc so. Tat ca cac mau ca
duoc lay ngau nhién tai cang cd Tho Quang, Pa Nang.
Bdng 1. M& héa vi tri do trén mdu ca
Vi tri do
Ngoai da, gay
Ngoai da, lung

STT Mé hoa

Ngoai da, dudi
Ngoai da, bung
Mang 1
Mang 2
Mit 1
Mit 2
Trong thit, gdy
Trong thit, lung
Trong thit, dudi
12 Trong thit, bung
Mau c4 sau d6 s& dugc dua vé phong thi nghiém hoa
sinh truong DPai hoc BéCNh khoa tién hanh rira sach roi do
d6 hap thu quang cac mau ca tai 12 vi tri nhu Bang 1, tai
moi vi tri 1ap lai két qua 5 lan. Sau khi do cé duoc fillet loai
b6 hoan toan da va xuong chi giir lai phan thit dem xay va

xac dinh chi tiéu protein theo AOAC 2012 (950.46).
2.1.2. Hoa chdt

Cac hoéa chat dé phan tich thanh phan protein gom
HzSO4, Kz’SO4, CUSO4, NaO!-L H3BOs la cua Xilong
(Trung Quoc). Dung dich chuan HCI 0,1N la cua Merck
(btic). Tat ca cic hda chat déu dat tiéu chuan tinh khiét
phén tich.
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2.2. Phwong phdp nghién ciru
2.2.1. Ky thugt NIRS

Phén tich thanh phan

May do NIRS c¢im tay +

phan mém DLP NIRscan Protein ciia cd bang

nano phuong phép chudn

[1 |

] _— Két qua phan tich quy chiéu thanh }

phin Protein

[ Mb hinh hoi quy myC"n tinh chan dodn NIRS cho chit A ]

[ Ma tran phé hdp phy chit A

Hinh 1. So d6 xay dung mo hinh chén dodn thanh phan Protein
trén thiét bj NIRS

2.2.2. Phuong phap phdn tich Protein

Ham luong protein tong s6 ciia cac loai c& trong nghién
ctru nay duge xéc dinh theo AOAC (2001.11).
2.2.3. Phurong phdp lam min dir liéu bang Savitzky - Golay

B¢ loc Savitzky — Golay la mét by loc ky thuat sb ¢o
thé duoc ap dung cho mot tap hop cac diém dir liéu k§ thuat

s6 nham muc dich 1am min di liéu, tirc 1a dé ting d6 chinh
xac cua dit lieu ma khong lam sai léch xu huéng tin hiéu.
Diéu nay dugc thuc hién thong qua qua trinh tich chap,
bang céch sir dung phuong phép binh phuong tdi thiéu
tuyén tinh dé phu hop véi cac tap con lién tiép cua cac diém
dir liéu ké nhau véi mot da thirc bac thap. Thuat toan s&
gitp ta udc tinh bo loc tai tAm va dua ra sy phu hop véi bac
da thtrc & diém trung tam [7].

2.2.4. Phuong phdp lam min dit liéu bang ham Deresolve

Ham Deresolve duoc sir dung dé thay doi do phan giai
biéu kién cua thiét bi do, chuyén mot pho c6 do phan giai
cao thanh mot phd co do phan gidi thdp bang cach giam
mau tin hiéu. Deresolve ciing c6 thé dwoc sir dung dé glam
nhiéu. Deresolve st dung b loc hat nhan tam giac dé lam
min dir liéu bang cach tich chap cac phd véi mot ham do
phan giai, nham lam cho chiing tréng nhu da dwoc thu thap
trén mot thiét bi co do phan giai thap hon. Day 1a phuong
phap 1am giam tin hiéu nhiéu nhung it thay d6i dudng cong
co s& nhét [8].

2.2.5. Phirong phdp ldy dao ham

Dao ham la mot ki thuat ¢6 dién, dwoc sir dung rong rai
cho cac tng dung quang phd. Mot sé thong tin “4n” trong
quang phé c6 thé d& dang duoc tiét 16 hon khi 1am viéc trén
dao ham bac nhat hoac bac 2.

Pao ham bac nhét cua quang pho chi don gian 1a sé do
do déc cua duong cong quang phd tai moi diém. bo dbe
cua duong cong khdng bi anh hudng bai cac hiéu s duong
co s& hoan toan cong tinh trong phé, va do d6 dao ham bac
nhét 1a mot phuong phép rat hiéu qua dé loai bo céc hiéu
s6 d6. Tuy nhién, cac dinh trong phé thé thudng tré thanh
diém cét 0 trong phd dao ham bac nhét, didu nay c6 thé kho
giai thich.

Dao ham bac hai 1 thude do sy thay déi d6 dbc cua
dudng cong. Ngoai viéc loai bo do léch ra khoi duong nén,
n6 khong bi anh huong boi bat ky "do léch™ tuyén tinh nao
c6 thé ton tai trong dit liéu, va do d6 1a mot phuong phap
rat hiéu qua dé loai bo ca phan do léch duong nén va do
déc tir mot phd. Pao ham bac hai cé thé gitp phan giai cac
dinh 1an c4n va lam sic nét cac dic diém quang pho [8].
2.2.6. Phuong phap PCR

Phuong phap hdi quy thanh phan chinh (PCR) la mot
phuong phap dé lién hé phuong sai cia mot bién phan hoi
(bién Y) voi phuong sai cia mot s6 yéu té du doan (bién
X), véi muc dich giai thich hodc dy doan.

PCR la quy trinh gom hai budc, dau tién phan tach Ma
tran bién dy doan X bang PCA (phan tich thanh phan
chinh), sau d6 phu hop véi md hinh MLR (hoi quy tuyén
tinh nhiéu bién), sir dung diém PC (thanh phan chinh) thay
Vi c4c bién X ban dau lam yéu t6 du doan. Phuong phap
nay thuc hién dac biét tét khi cac bién X khac nhau thé hién
théng tin chung, tac 1a khi ¢c6 mét lugng 1én twong quan,
hodc tham chi la cong tac [8].

2.2.7. Phuong phap PLS

Hbi quy binh phwong mét phan nhé nhat (PLSR) doéi
khi ciing dugc goi 1a phép chiéu ciu tric tlem an hoic chi
don gian goi la PLS, phuorng phép nay bao gom dong thoi
ca 2 md hinh ma tran X va ma tran Y dé tim cac bién tiém
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an (hoc an) trong X du doan tot nhét cac bién tiém an trong
Y. C4c thanh phan PLS nay twong ty nhu cic thanh phan
chinh ciia phwong phap PCR, nhung s& dugc goi 1a yéu tb.
PLSR c6 thé dugc thuc hién véi mot hodc nhiéu bién Y, c6
nghia 14 c6 thé str dung nhiéu phan hdi Y trong mé hinh hoi
quy [8].
2.2.8. Phuong phdp xir 1y s6 liéu

Cac sb lieu thi nghiém duoc xir ly bang phan mém
Microsoft Excel 2019 va phan mém Unscrambler v10.4.

3. Két qua va thao luan
3.1. Két qud chay PCR va PLS trén di li¢u thd

Khi chay PCR va PLS trén dir li¢u thd chua qua cac
phuong phap tién xir 1i dir liéu cho két qua hau hét co
R-square dudi 0,9, duy nhat & vi tri k cho két qua R-
square Cal 14 0,9286 tuy nhién R-square Val lai kha thap
khi chi dat 0,6702. Céc vi tri khac cho két qua tuong ddi
cao lavitria, b, c, d, i, I. Tuy nhién, gia tri R-square chua
dat nhu mong muon ban dau. Céc vi tri e, f, g, h cho két
qua rat thap va gan nhu c6 thé xem 1a khong c6 tuong
quan, do day 1a cac vi tri & mang va mit khi do cho s6 liéu

®)
Hinh 2. Bé thj phé truéc (a) va sau (b) khi 1am min bang
bé loc Savitzky- Golay
Bdng 3. Két qud ciia phuong phap PCR va PLS trén dit liéu
duoc lam min bang bg loc Savitzky - Golay

nhiéu rat nhiéu. | Phuong phap PCR Phuong phap PLS
Bdng 2. Két qua ciia phirong phdp PCR va PLS trén dit liéu thd STT ;ﬁ PC R-square RMSE . R-square RMSE
Phwong phip PCR Phwong phap PLS Cal Val Cal Val Cal Val Cal Val
Vl R-square RMSE E R-square RMSE 1 a 7 10,83730,7240|0,6956 | 0,9156 | 7 |0,8686 |0,7199 | 0,6486 | 0,9188
STT | tri|PC Cal val Cal Val Cal Val Cal Val 2 b 7 10,8547 0,7392|0,6575|0,8873 | 6 |0,8794|0,7440|0,5989 | 0,9147
3 c 10 |0,83740,7032|0,6955(0,9685| 7 |0,8483|0,6952|0,6718|0,9213
1 | a| 9 [0,8509]0,7624/0,66590,8835| 6 [0,8563|0,7431|0,6537/0,9257
4 d 7 10,7396 |0,6311|0,8801|1,0642| 5 |0,7574|0,6638 | 0,8495 | 1,0216
2 b 4 |0,7675|0,7210|0,8318|0,9587| 6 |0,8795]0,7370]0,5985|0,8873 5 e 4 (0,6471]0,5949|1,0100|1,1312| 4 |0,7052 | 0,6016 | 0,9365 | 1,1407
3 | ¢ | 9 |083270,7364|0,7055(0,9143| 8 |0,8642|0,7207 |0,6356(0,9563 s | 1 | 3 |06073] 06703 |0.0494 | 10366 | 3 | 07271 | 0.6398 | 0.9010] 0433
4 | d| 7 [07321/0,5932(0,8929(1,1513| 5 |0,7602|0,6589|0,8447|1,0504 7 | o | 5 | 0546403344 | 11618 | 1.4485 | 3 |0,5735 | 02920 | 11264 | 14302
5 e | 4 [0,6536(0,5923|1,0152|1,1523| 4 |0,7083|0,5719|0,9316(1,1088 8 h | 5 |0,6256|0,5065 |1,0554 | 1,2745| 4 |0,6786|0,4347 | 0,97781,2719
6 f 4 (0,6921/0,6512(0,9571|1,0569| 3 |0,7271(0,6640(0,9011|1,0406 9 i 7 10,7478]0,6136 | 0,8663 | 1,0677 [ 4 |0,7306 | 0,6253 | 0,8953 | 1,1247
7 | g | 5 [0,5440|0,4580|1,1647|1,3405| 3 [0,5780]0,2682(1,1205|1,4564 10 | j | 5 [06865|05077|0,9657 1,2404| 3 |0,6729| 05541 |0,9864 | 1,2021
8 h 6 [0,6152|0,4974/1,0699|1,2752| 4 |0,6848|0,4682|0,9684|1,2690 11 k 5 10,6732(0,5812(0,9860|1,1295| 4 |0,7754|0,6221|0,8174|1,1192
9 i 4 0:6784 0:6053 0:9782 111303 4 0:7329 0,6030(0,8912(1,1278 12 | 6 [0,8094|0,6553(0,7530|1,0760 | 4 |0,8266 |0,5992|0,7182 | 1,1022
10 | j | 5 |0,6890|0,5346|0,9619|0,5346| 3 [0,6737|0,5449(0,9853|1,2255 Nhin chung ké:t gua chay PCR va PLS trén dir liéu da
11 | k | 8 |0,7703|0,56330,8267(1,1286 11 [0,9286|0,6702[0.46101,0402]  dwoC lam min bang bd loc Savitzky-Golay kha twong
12 | 1| 7 |0,7994|0,64960,7725/1,0749| 4 |0,7823|0,6129(0,8048[1,1320,  dwong so v§i chay trén dir liéu thd. Mét vai vi tri c6 R-

PC: S6 nhan t6 chinh cho phirong phdp PCR;

F: S6 yéu t6 téi wu cho phwong phép PLS;

R-square: Hé sé firong quan ciia mo hinh héi quy;

RMSE: Léi binh phirong trung binh goc;

Cal: M6 hinh ding dé hiéu chudn sai sé Ciia phép do;,

Val: M6 hinh dimg dé tham dinh sai sé ciia phép do.

3.2. Két qud chay PCR va PLS két hgp phwong phdp
Savitzky — Golay

Hinh 2, c6 thé thiy két qua sau khi Iam min thi d6 thi
phd cho cac dudng cong tron hon va it bi nhidu nhu ban
dau. Viéc 1am min s& gilp ta loai bo céc tin hiéu gay nhiéu
va lam 4n dinh bo dir liéu. Tuy nhién phuong phap nay
khong gilp ta loai bo cac duong c6 d6 léch I6n cling nhu
dd nhidu cua cac budc séng ¢ dau va cudi dd thi phd van
chua dugc giai quyét.

Tién hanh chay PCR va PLS dya vao bd dit liéu di dugc
xtr li theo phuong phéap lam min bang bé loc Savitzky —
Golay trén 12 vi tri cua 37 mau cé thu dwoc két qua nhu
Bang 3.

square val ting 1én mdt it nhung khéng cao nhu vi tri a, b,
¢, e g, i Cacvitrid, f, h,k, | co sugiam nhe. Bong thoi
mot Vai vi tri con ting RMSE Val. Cu thé tai vi tri a cho
két qua R-square Cal giam tir 0,8509 xudng con 0,8373, R-
square Val ciing giam tir 0,7626 con 0,7240, hé s6 RMSE
Cal lai tang 1én tir 0,6659 thanh 0,6956 va RMSE Val cling
tang tir 0,8835 Ié&n thanh 0,9156. Biéu nay cho thay bo loc
lam giam twong quan ciia md hinh hdi quy va ting do sai
sb cua mo hinh tai vi tri a.

3.3. Két qud chay PCR va PLS két hgp phwong phdp
Deresolve

Sau khi chay Deresolve, d6 thi phd it bi thay doi duong
cong co s& (Hinh 3). D6 min cia cac duong cong tron hon
S0 Voi ban dau nhu phuong phép lam min bang bo loc
Savitzky — Golay, va hon thé phuong phap nay glal quyet
dugc céc tin hiéu nhidu cua cac buée séng ¢ dau va cudi
db thi phd.

Sau khi chay phuong phap PCR va PLS cho 12 vi tri
trén 37 mau c& véi bo dir ligu da dugc xur Ii bang phuong
phap Deresolve thi thu dwoc két qua nhu Bang 4:
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(b)
Hinh 3. 6 thj phé trueéc (a) va sau (b) khi chay Deresolve

Bdng 4. Két qud ciia phwong phap PCR va PLS trén dit lieu Xu
Ii bang ham Deresolve

Phuong phiap PCR Phuong phiap PLS
STT V!, R-square RMSE R-square RMSE
triipc F
Cal | Val | Cal | Val Cal | Vval | Cal | Val
1 a | 8 |0,85180,7193|0,6639]|0,8798 | 7 |0,85740,7287|0,6513 | 0,9315
2 b | 8 |0,8738|0,7876|0,6127|0,8513| 6 |0,8717|0,7685 | 0,6176 | 0,8860
3 c | 8 |0,8373]|0,7221|0,6958|0,9234| 6 |0,8248)0,7188|0,7219 | 0,9736
4 | d | 9 |07617]|0,5772|0,8419|1,1319| 6 |0,7634 |0,6123 | 0,8389 | 1,0460
5 e | 4 |0,6666|0,5877|0,9959|1,1316 | 7 |0,7846|0,6423|0,8004 | 1,1144
6 f | 3 0,7034]|0,6734 |0,9393[1,0272| 3 |0,7200 | 0,6331 | 0,9126 | 1,0563
7 | g | 10 [0,6791]0,44420,9771 [1,3182| 7 |0,6926 | 0,4327 | 0,9564 | 1,3414
8 h | 9 |0,7014|0,4883|0,9426 | 1,2886 | 4 |0,6659 |0,4628 | 0,9970 | 1,2919
9 i | 4 |0,7258]0,6531|0,9032|1,0410| 4 |0,7381 |0,6388 | 0,8826 | 1,0673
10 | j | 5 |06644|0,5044)0,9992 | 1,2661| 8 |0,8494 |0,6266 | 0,6694 | 1,1038
11 | k | 12 [0,9017|0,7893 | 0,5406 | 0,8005 | 7 |0,8618|0,7544 | 0,6410 | 0,8935
12 | 1 | 6 |0,8197|0,6956]0,7323|0,9974 | 4 |0,8187|0,7222 | 0,7343 | 0,9736

Nhan xét chung thiy so véi Chay PCR va PLS trén dit
liéu thd va so véi tién xir Ii bang bo loc Savitzky — Golay
thi chay PCR va PLS sau khi xir Ii Deresolve cho két qua
cao trén hau hét vi tri, ca R-square Cal 13n R-square Val
déu ting nhung khong lam ting RMSE tham chi con 1am
giam RMSE chung to phuong phap nay gitp ting hé sb
tuong quan va lam giam sai s cta phép do.

Sau khi chay PCR va PLS da duoc xt If bing 2 phuong
phép trén. Ta nhan thay rang khi sir dung ham Deresolve
dé loai tin hiéu nhidu roi sau d6 méi chay PCR va PLS s&
lam tang hé s6 twong quan R-square va giam sai s6 cua
phép do khi giam RMSE. Tuy nhién R-square Val con thap
(tat ca vi tri d&u nho hon 0,8) cho thay dit liéu tho chua md
ta dugc sy tuong quan giira quang phd can hong ngoai va
thanh phan Protein cua thity san. Do d6 ta s& tién hanh lay
dao ham bac 1 va bac 2 sau khi da xu I tin hiéu nhiéu bang
ham Deresolve va so sanh vgi nhau.

3.4. Két qud chay PCR va PLS két hgp phwong phdp liy
dao ham bgc nhat

Sau khi lay dao ham bac nhat, @ thi phé thé hién rd do
déc cua nhimg duong cong, thé hién nhimg dinh bi an trong
dit liéu tho ban dau. Va cic dinh & dit ligu ban dau sau khi
dao ham thanh nhimng diém cit 0. Cac dinh thé hién 18 ¢

cac bugc song 1142nm, 1232nm, 1396nm, 1402nm,
1505nm va 1670nm.

Sau khi chay phuong phap PCR va PLS trén 12 vi tri
ciia 37 mau cé voi bo dit ligu da duoc xu Ii bang phuong
phap Deresolve va liy dao ham bac nhat thu dugc két qua
nhu Bang 5.

Céc vi tri c6 két qua cao khi chay PCR va PLS & céc
truong hop trude nhu vi tri a, b, ¢ thi trong truong hop nay
déu ting gia tri R-square Val va RMSE khong thay doi
nhiéu. D4i véi phuong phap PLS thi cac vi tri nay khong
chi tang gia tri R-square cao ma con giam gia tri RMSE.
Céc vi tri ndy c6 mdi tuong quan cao ddi vai thanh phan
protein, d6 1a cac vi tri gy, lung va dudi. Két qua cao nhat
dbi véi phuong phap PLS tai vi tri a, véi s6 yéu té chinh la
16, R-square Cal la 0,968, R-square Val la 0,8592, RMSE
Cal 12 0,3082, RMSE Val 14 0,6948.

(®)
Hinh 4. D6 th; phé trweéc (a) va sau (b) khi ldy dao ham bdc nhdt

Bdng 5. Két qua ciia phuong phdp PCR va PLS két hop
lay dao ham bgc nhat

. Phuong phip PCR Phuong phip PLS
STT V!, R-square RMSE R-square RMSE
tri | PC F
Cal | Val | Cal | Val Cal | val | Cal | Val
1 a | 10 [0,8562|0,7246|0,6539|0,9253| 16 [0,9680|0,8592)|0,3082|0,6948
2 b | 7 ]0,8594|0,7582|0,6467|0,8874| 4 [0,8299|0,7193(0,7113|0,9261
3 c | 16 [0,9198|0,7001|0,4884[0,9674| 12 |0,9245|0,7201)|0,4738/0,9398
4 d | 8 ]0,7165[0,4899|0,9183(1,2310| 5 |0,7329|0,5539(0,8914|1,2508
5 e | 4 [0,6795|0,6351|0,9765[1,1231] 3 |0,6932|0,6080|0,9554(1,1290
6 f | 4 |0,7104(0,5589|0,9283|1,1462| 3 |0,7154|0,5753|0,9201|1,1670
7 g | 5 |0,5589|0,3995/,1456 [1,3741] 4 |0,6340|0,3390(1,0436|1,4494
8 h | 4 [0,5677]|0,4411|1,1341(1,3068| 3 |0,6509|0,4073|1,0191(1,3338
9 i | 3 |0,7445[0,7259|0,8718/0,9585| 3 |0,7583(0,6956|0,8481|0,9827
10 j |13 [0,8741|0,7096/|0,6120(0,9424| 7 |0,8662|0,7250|0,6307{0,9538
11 k | 6 [0,8288|0,7529|0,7135|0,8941| 5 |0,8585|0,7369|0,6488|0,8981
12 | |11 |0,8587|0,6682|0,6483|1,0260| 7 |0,8758]0,7900|0,6077]0,8519

Céc vi tri ¢ két qua thap khi chay PCR va PLS & cac
truong hgp trude nhu d, e, f, g, h thi trong treong hop nay
gla tri R-square déu giam. Chung t6 nhitng vi tri nay khong
c6 méi twong quan cao ddi vai thanh phan protein. Do 1a
cac vi tri bung, mang va mat.
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Céc vi tri i, j khi chay PCR va PLS trong céc truong
hop trudc cho két qua khong qua cao ciing khong qué thap
nhung trong trudng hop nay thi ting cao cho thay khi liy
dao ham thi céc bién tiém 4n trong bo dix liéu 16 ra, céc vi
tri k va 1 co do thay doi thap trong cac truong hop. Diéu
nay cho thay cac vi tri ndy c6 méi twong quan véi thanh
phan Protein. D6 1a cac vi tri thit gy, thit lung, thit dudi,
va thit bung.

3.5. Két qud chay PCR va PLS két hop phwong phdp liy
dgo ham bgc hai

Vi dao ham bac 2 1a hé sé g6c cua dao ham bac nhat
nén nhimg diém cuc dai trong dao ham bac nhét lai 1a
cuc tiéu trong dao ham bac 2 va truong hop ndy s& dan dén
cuc dai cua dir liéu tho ban dau Ia cyc tiéu trong dao ham
bac 2.

Q)

Hinh 5. D6 thj phé trude (a) va sau (b) khi dao ham bdc 2

D4 thi phd cua dao ham bac 2 xuat hién thém nhiéu dinh
tai cdc budc séng 1124nm, 1158nm, 1206nm, 1210nm,
1250nm, 1310nm, 1374nm, 1381nm, 1419nm, 1422nm,
1658nm. Sau khi chay phuong phap PCR va PLS trén 12
vi tri cua 37 mau c& véi bo dir lidu da dwoc xu |i bing
phuong phap Deresolve va liy dao ham bac 2 thu dugc két
qua nhu Bang 6.
Bdng 6. Két qud ciia phiong phdp PCR va PLS két hop ldy dao

ham bdc 2
) Phwong phiap PCR Phuong phap PLS
STT V% R-square RMSE R-square RMSE
tri|pc F

Cal | Val | Cal | Val Cal | Val | Cal | Val
1 | a| 5 |08215)|0,7808|0,7287|0,8323| 13 | 0,9645 | 0,8539 | 0,3250 | 0,6820
2 | b | 4 |07801]|07381]|0,8087|0,8969| 4 |0,8298|0,7262|0,7115|0,9134
3 | c |17 [0,9253|0,7445|0,4712|0,9050 | 7 |0,8873 |0,7665 | 0,5790 | 0,8881
4 | d | 4 |06838]05981|09698|1,1488| 4 |0,7154|0,6769 | 0,9201 | 1,0291
5 | e | 11)08029)|0,6659|0,7656|1,0710| 3 |0,6846 |0,5615 | 0,9686 | 1,1556
6 | f |10 )08015)|05530(0,7689|1,1355| 7 |0,8148|0,5118|0,7422|1,2329
7 | g | 4 |05677]|04127(1,1341 [1,3301 | 3 |0,6509 | 0,4129 | 1,0191 | 1,3646
8 | h |10 [0,7000]0,4120|0,9447|1,3854| 6 |0,7000 |0,3411 | 0,9447 | 1,4420
9 i | 3 |0,7445]0,7061|0,8718|0,9690 | 3 |0,7582 | 0,6419 | 0,8481 | 0,9925
10 | j | 9 |08364|0,6528|0,6975|1,0330| 3 |0,7618|0,6611|0,8418 | 1,0425
11 | k | 7 |08160|0,7520{0,7397|0,8847 | 6 |0,8412|0,7493 | 0,6874 | 0,9077
12 | 1 | 10 |0,8567|0,7390|0,6528|0,8619 | 6 |0,8721|0,7472|0,6168 | 0,9139

So sanh véi két qua sau khi lay dao ham bac nhat thi
dao ham bac 2 cho két qua thip hon. Céc vi tri ¢ két qua
cao & dao ham bac 1 nhu vi tri a, b, ¢ thi & dao ham bac hai
R-square giam cé giam doi chat, tuy nhién RMSE c6 giam
nhe ching t6 tuy hé sb twong quan thap hon 1 ti nhung bu
lai sai s6 ciia phép do duoc giam.

Céc vi tri khéc d, e, f, g, h & dao ham bac nhit da dwoc
danh gia khong c6 twong quan thi & dao ham bac 2 c6 ting
R-square Cal nhung R-square Val khong tang, chting to khi
liy dao ham bac hai thi cc bién an bén trong duoc 1am 16
rd ra khién chiing twong quan vdi cac bién tiém an nhung
ching van khéng tuong quan véi thanh phan Protein.

3.6. Pdnh gid két qud thu dwoc

Két qua chay PCR va PLS sau khi ldy dao ham bac nhat
va bac 2 cho thiy rang trong 2 phuong phap, phuwong phép
PLS cho két qua t6t hon so voi phuong phap PCR khi
cho cac gié tri R-square trong ma tran chuan tot va dat yéu
ciu ban dau dé ra khi hé sé trong quan R-square > 0,9.

Cu thé vi tri cho két qua tét nhét 12 vi tri a — tuong ng vi

tri gay, ngoai da. Cho két qua R-square Cal = 0,9645 va
R-square Val = 0,8539, RMSE Cal = 0,3250, RMSE
Val = 0,6820 véi s6 yéu té chinh bing 16. Do vay nhom
nghién ctu quyét dinh dinh lwong Protein cua cé bing
phuong phap phd hong ngoai quét tai vi tri gay, ngoai da
két hop véi thuat toan hdi quy da bién PLS véi s6 yéu td
chinh bang 16.

Ham ludng Protein du doan so vdi ham ludng protein phan tich

N
4

5
v

—— -~ Ham lugng protein dy doan
—=— Ham It'gng protein phan tich

Ham lugng Protein du Joan (%)

20 21 2 E 24 25 % 7
Ham luging Protein phan tich (%)

Hinh 6. Puong hai quy gida thanh phan Protein phén tich
bang phwrong phap chudn trong phong thi nghiém va du dodn
trén NIRS

3.7. Kiém dinh lgi mé hinh hai quy

Tién hanh sir dung 10 mau chuan 1am ma tran kiém dinh
nhu theo quy trinh chuén bi, xir Ii mau va xir Ii dit liéu, két
qua ma tran kiém dinh c6 kich thudc 10x230. Sau do tién
hanh st dung md hinh hdi quy PLS da chon nhu trén tién
hanh dy doan ham lwong Protein cua ma tran kiém dinh

Sau khi chay md hinh hdi quy PLS dé chon dé du doan
ham luong Protein 10 mau kiém dinh thi cho ra két qua nhu
Bang 7.

Tir cac két qua thu duoc, nhom tac gia nhan thay ham
lugng Protein du doan theo mé hinh hdi quy da bién PLS
S0 v6i phuong phap phén tich tiéu chuén sai khac déu duéi
10%. Sai s6 twong d6i ham lugng Protein gitra phuwong
phap can hdng ngoai va phuong phap ddi chung 1 tir 0,06
—8,75%. Tur su chénh léch giira cac phuong phép phan tich
cho ta thdy rang phuong phéap phé can hdng ngoai két hop
v6i thuat toan hdi quy da bién to ra kha wu viét khi &p dung
vao phan tich dinh lwong Protein.
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Bdng 7. Ham heong Protein (%) du dodn bang
md hinh hoi quy PLS so vdi phuong phdp doi chimng

Loi cam on: Nghién ctru nay dugc tai tro boi dé tai
“Nghién ciu ung dung cac phuong phap phan tich nhanh
két hop xtr ly dit liéu da chiéu va hoc méy trong kiém soét
chat lugng mot s6 loai hai san” Ma s6: PTPL.CN-33/20,

Phuong phap cin | Phuong phap dbi |sai 6 twong

IE’I':; Loail _ hdng ngoai chirng aéi giira 2
dinh| €& | Ham | Phuong | Ham | Dgléch | phuong

’ lwgng sai lugng [chuén (%)| Phap (%)
417 |Nuc| 24,2336 |0,9681639| 24,65 1,83 1,69
568 |Ngur| 22,18286 |0,4294998| 24,31 1,83 8,75
652 |Nuc| 23,05189 |0,4551244| 24,25 1,83 4,94
672 |Ngur| 23,08494 | 0,5410158| 23,88 1,83 3,33
779 |Ngur| 22,30868 |0,8891348| 24,25 1,83 8,01
833 | Nuc| 22,92109 |0,4271629| 23,45 1,83 2,26
638 |Ngur| 24,32461 | 0,6872587| 24,31 1,83 0,06
834 |Ngur| 23,09506 |0,6189303| 23,19 1,83 0,41
839 |Ngur| 24,74111 | 0,5686936| 23 1,83 7,57
406 |Nuc| 22,471 | 0,657811 | 21,35 1,83 5,25

4. Két luan

Nghién ctru dd xac dinh duoc mé hinh du doan tdi wu
ham lugng Protein trong c4. Cu thé dau tién xu Ii bang
phuong phép Deresolve, sau d6 1dy dao ham bac nhit va
chay mé hinh hoi quy PLS. Nghién ciru cho thiy, két qua
sau khi lay dao ham bac nhét cao hon so véi khi liy dao
ham bac 2. Phuong phap PLS cho hé sb twong quan cao
hon so véi phuong phap PCR.

Tu sy chénh léch gilta cac phuong phap phan tich cho
ta thiy rang phuong phéap phé can hdng ngoai két hop voi
thuat toan hoi quy da bién to ra kha uu viét khi ap dung vao
phan tich dinh luong protein khi sai s6 so v6i phuong phap
chuén chi nam trong khoang 0,06 — 8,75%.

B6 Khoa hoc & Cbng nghé.
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