J Korean Soc Food Sci Nutr gk 2] o oF )53 A
43(3), 425 ~430(2014) http://dx.doi.org/10.3746/jkfn.2014.43.3.425

Q| RURMHS 0|83 I RE NE BT BIEHE,
chE W R|gto] HE B

= (=R=lu] = =
o|=24 . Al7IR5 . g|=2046 . moiT L Koyt
IZiETE M AOPRIRIJH SN}, PA oSt m oinistn), STecisim BAnkEioyst B nistel T
‘ESOHEI AlEMEZET] SAEC|FEOMMR ABHUOM T HolobH K M)
SN ==+ I = I 7 = = = = [ I
A B UfF NN AZHUIMT ASFHUD, SENEE TEHsYUIEH J|s8ASD}

Quantitative Analysis of Carbohydrate, Protein, and Oil Contents of
Korean Foods Using Near-Infrared Reflectance Spectroscopy

Lee-Seul Song!, Young-Hak Kim', Gi-Ppeum Kim', Kyung-Geun Ahn', Young-Sun Hwang',
In-Kyu Kang?, Sung-Won Yoon®, Junsoo Lee’, Ki-Yong Shin’, Woo-Young Lee®,
Young Sook Ch07, and Myoung-Gun ChounglT

]Dept. of Herbal Medicine Resource, Kangwon National University, Kangwon 245-907, Korea
“Dept. of Horticultural Sciences, Kyungpook National University, Daegu 702-701, Korea
JResearch Institute of Health Sciences, Korea University, Seoul 136-703, Korea
4Dept. of Food Science and Technology, Chungbuk National University, Chungbuk 361-763, Korea
*Nutrition Safety Policy Division and SFoodborne Disease Prevention & Surveillance Division,
Ministry of Food and Drug Safety, Chungbuk 363-700, Korea
"Functional Food & Nutrition Division, National Academy of Agricultural Science, RDA, Gyeonggi 441-853, Korea

ABSTRACT Foods contain various nutrients such as carbohydrates, protein, oil, vitamins, and minerals. Among them,
carbohydrates, protein, and oil are the main constituents of foods. Usually, these constituents are analyzed by the
Kjeldahl and Soxhlet method and so on. However, these analytical methods are complex, costly, and time-consuming.
Thus, this study aimed to rapidly and effectively analyze carbohydrate, protein, and oil contents with near-infrared
reflectance spectroscopy (NIRS). A total of 517 food samples were measured within the wavelength range of 400
to 2,500 nm. Exactly 412 food calibration samples and 162 validation samples were used for NIRS equation development
and validation, respectively. In the NIRS equation of carbohydrates, the most accurate equation was obtained under
1, 4, 5, 1 (Ist derivative, 4 nm gap, 5 points smoothing, and 1 point second smoothing) math treatment conditions
using the weighted MSC (multiplicative scatter correction) scatter correction method with MPLS (modified partial
least square) regression. In the case of protein and oil, the best equation were obtained under 2, 5, 5, 3 and 1, 1,
1, 1 conditions, respectively, using standard MSC and standard normal variate only scatter correction methods with
MPLS regression. Calibrations of these NIRS equations showed a very high coefficient of determination in calibration
(RZ: carbohydrates, 0.971; protein, 0.974; oil, 0.937) and low standard error of calibration (carbohydrates, 4.066; protein,
1.080; oil, 1.890). Optimal equation conditions were applied to a validation set of 162 samples. Validation results
of these NIRS equations showed a very high coefficient of determination in prediction (+*: carbohydrates, 0.987; protein,
0.970; oil, 0.947) and low standard error of prediction (carbohydrates, 2.515; protein, 1.144; oil, 1.370). Therefore,
these NIRS equations can be applicable for determination of carbohydrates, proteins, and oil contents in various foods.

Key words: near-infrared reflectance spectroscopy (NIRS), carbohydrates, protein, oil, food

M = she s, el A dEk, 004 B3 ge o

eGPt L] Ak, o5 F 713 780w

2 F = AuAe A%, i H §4d Fag 9% Fa8% Al T/ JEARQ gdstE, @, A9S 3]
szt 2], o] e kel ARWHA Y Dol B

el | R D = L E8A A gE geaeskE

Received 8 October 2013; Accepted 9 November 2013 ?} S H2) el N hE,
"Conmoapondin. authon B 9 el JBRAE 7 ARE TR HA
E-mail: cmg7004@kangwon.ac.kr, Phone: +82-33-540-3321 o3 gk Hrr) o] FojA L Yt ©EE-S GC/MSE



S
)
>
oy
o
)
o
of
9_,1'
o
N
=
o
9
o
U
ol
2
2
N
N
-,

o]-&-3F 22(3), AOACH e 93t 2t &st= WA(4) &
o] AR&E AL 9lom, v A o] A9 Bradford M4 BHH(5)
%2 Kjeldahl A1 ®(6,7) o] AFEE ) T3 2uke] 4
- dutA o 2 Soxhlet AW (8,9)0] F& AFE-H T} A
7 AR B WEE2 oWl AITE A B4 185
ko FuAH R H&st Ag AT T FAS $gh
23e 5 2 dAY A o] Aot A AITFo] L
Ay, Hg 242 2 @2 24 v go] AnEE @
o] JH(10). Wk <3¢ BFE A H(Near-Infrared Re-

S|

flectance Spectroscopy, NIRS)2 A& 2] A2 3H o]

g gl AESHA sAld o AES —Er@]?i T 9lom,

AT ARE £ gl Aol ol 3
5

NI

mz
o
2
il

FoloHEHA AEJYE DB TFH 2
® % 2 AgkglaL, A
Ly 722, i 26%, 4 178, 7 36
&, oW 47%, Zﬂi% 62%,
13%, 2% 12%, 237 115, 7}
5%, F4F 205 ¢ 2V EF 4558 ¥ 35}o]
1 5 AbE A S 2 3HELoiTh obge] HA
of AbE 7t A5 v ARE FAs] 7dd} BgE
AX WEARZ T,

off

rhv

=

Ololv

)
2,

ok
o Tl

4
2
Ho
N

A,
E
N
2
e
o1 of
0o
ofN

=
o

>

o

M A~
3

2 oo du
ofN
o o
1>
i

r o

o\ ol o

o xR

AE 2R EslE, HE, X, B2 E 2o B 2N

Zh A3 Alsel S w2, B 3 ] 3
B AETA F AWPEAD U w2t B 0w
(13), A= 3ubRo s wAagieh. Whid a2 Av)of
o] 32 A (semi-micro Kjeldah) A& & 2 &38fo] 4]
F T Ao e 4T ¥ 9y Fow taisl
on, A% T A 4‘1% Soxhlet FZ&A| = o€
25 S8AA A T AYE FE8] TYHRoR S
BFAL, i T 105°C 27k Az, 98] o
< 600°C 3]gkwel ofsf kg SAsSith &4 BstE
o] S A 100 g Tl M =, W, A B E]
ke A A AdHeR AEdd

MO AMEZ =X U M2

jijH %_ /;,% ]E_ 574,_4 qug /‘\JﬂEEq 77(40
NIRS Model 6500 spectrometer(Foss NIRS systems
Inc., Silver Spring, MD, USA)E A3} o, A~ E=

RS R O RS EE

o] ¥4 2 A= WinlSI I (Ver. 1.50, Foss and Infra-
soft International LLC, Stage College, PA, USA) AXE
ol ARSI A5 SA 9 ~FERL Direct Con-
tact Food Analyzer(DCFA) module®| 4] small reflect—
ance vesselZ o]gslgom Alg ok 10 g& A& x4

400~2,500 nm ®elelA 22 8] ~2AEHS SAHEAT
5;4&] 574.-_ /\] 4 _17<49,] /\»ﬂEED%% /_kjlﬁ%;ﬂ ohgl_)\é

=
AR R FElXl gershE, vhila g Auko] ARk A
T Ve R 72 AR FAREE Gs VA e 2P Ed S
o =rdl 24 (calibration set) @ o] AX] FA1-8(validation
sep)=°F 3:19] W& AFEwe] TR glo] o] BHat,
A R w4120 A5wd g3 16252 A

PSR
“Global Equation” Z213& AL-&3lo] oS nds
siglon, 4% ~HAEZ ] UAl(log 1/R), 12 1#(D'log
1/R) 2 22 M E(D%og I/R)E 2AEHS thito
3 28 A (scatter correction)d =32 WS
~HAEY gl FH oA A7|= noises} biasE A4 3}s)
WA (14) Er3tE gl 9 x)Hk ek )3k o= e
= Q"Ls}ﬁi‘:}.

HZ od=rde] Aute SEC(standard error of cali-
bration), R(coefficient of determination in calibration),
SECV(standard error of cross—validation) ¥ 1-VR(one
minus the radio of unexplained variance to total var—
lance) 59 BAAE o] &3to] 7t A HA 9 o=nd
S Aasisich

M 2 M oSz Ho| olHX| 2o

213E o kA E F ehar3lE ol wl x]u)k shek BAe
o2 Aty HA S nAAE HEAHS AT
HAste] S Jhdel ARSE A U 1629 oA
48 # A (validation file)E 22 WinlSI I AXE

9o} “Monitor Result” T2 1L o]&3}o]
x% Q_/H

v A A .9
AFstdnt ke o S5nde] A8 HSS
SEP(standard error of prediction), “(coefficient of de-
termination in prediction), Bias(average difference be-
tween reference and NIRS values) ¥ SD(standard de-
viation) 59 FAAE o]&3ste] Ak S5H AL HIAA R

484 2 AdES A5,



rl
)
fo
M
o
Mo
£
e
tlo
o,
oo
_?1_1‘
H
=
Ho
ol
b
o
%
Ho
t
>
)
il
v}
=

427

Zut & nE EA4E F Jdov I Favt AAAY SAHee A9

sl i, Ao A7) 2 He e BEH g 9s|

Il F& AE EF EeEE, TE 2 x| vtd o] Werl dojuped], oldd QAE Folal HA
U A fE5 = 57459 tge A% T g@shE, Re S 2] A8 FEA dAEE A TH16)
chulz o xko] shek BAe A EFd GubAd Al ol 2 AFNANE IAYY 5 HEFEH 245 Modified
TAE BEAURHO| whe) BA15 0 v (13), B & 574 Partial Least Squares, MPLS)S 2 &3}t M RE S
T AF9] desthE, duld g AR ko] FA|X|= Table 225 WL WA S (cross—validation) S ©]-&3Fe] 27
13 2} ol& AF T 4 459 ol A 4s 7HA 94 324400~ 2,500 nm)Z FAEA] dlo]E o] S f
EAES J)FoR 9 3119 HER Snd A4 T3k BAoA 24 29 (factor) S A A3l overfitting
(calibration set)@} o71x] #4]&(validation set)& 92 S WA AGEE FoF7] witol ~FER e}
TRetglon, Erd A& Als o o g=rstE, o = 71 Wl AR B S 59 dEs HAastete] 12
W gl ko] e w97t 242 0.04~90.57%, 0.11~ R3S A8 dEnds g 5 9l7) miEo|th(17)
33.86% % 0.02~38.96% = w4315 2] &k Wolv} 71 webA S fg A Eed e geeEstE, dhalE 9o
A VeI the o2 AR gl g ol itk AE A o] HA A48 dE5Rds Jfdatr] st HEEES
5 A o EA8k= vlad 2 §9le] $5F Wolrt & 2ASHE A&e ke =AY AHRAAS A L5H
Ao FFEA SR A fEehA AEE ASR 4 o 72t AR HF dSnde] A4 AAAR(R)7} 100
3 o, 3 o Ax] £AE AEY estE, o 7WhH, e LAHSEC)gkol #FomA 1-VREke] 1
A9 A e gS5rd A48 AR JukIt AR SECVgko] 22 o&rndE HF AdsitiTable 2).
HAE YER At Table 1). HE R T LAY D e A Aarngs 4
43t A3 gpstEo] A9 Abehial 2 weighted MSC, °

I RS AE SF EeEtE, HHEE 2 X|Ee| AL A= 1A P E(1st derivative, 4 nm gap, 5 points
2oEM oS E i smoothing, 1 point second smoothing)S 4833 4
At o 7 ZA e ~AERS A5 o] Yo A glo] o Rkl 0.9712 7} =131, SECF#o] 4.066°.2 713

Table 1. Laboratory reference value statistics for carbohydrates, protein, and oil contents in 574 Korean food samples

1)
Sample set n Constituent Mean Range SD
(%)

Carbohydrates 25.201 0.04~90.57 23.718
Calibration 412 Protein 9.099 0.11~33.86 6.722

Oil 6.034 0.02~38.96 7.508

Carbohydrates 23.331 0.06~88.01 22.054
Validation 162 Protein 8.979 0.48~26.55 6.544

Oil 5.116 0.03~27.42 5.875

YSD: Standard deviation.

Table 2. Equation development statistics using MPLS and scatter correction for the NIRS prediction of carbohydrates, protein, and

oil contents in Korean various food samples

Constituent Scatt i Math Calibration Cross-validation
onstituen catter correction treatment SECY R*? 1-VR? SECV?Y
Weichted 1,4, 1,1 4.530 0.964 0.959 4.817
Carbohydrates Msg 1, 4,5 1 4.066 0.971 0.961 4.685
1, 4, 10, 5 4.177 0.969 0.961 4.706
Standard 2,5 5 3 1.080 0.974 0.940 1.645
Protein MSC 2, 5,10, 1 1.183 0.969 0.936 1.705
2,6 1, 1 1.136 0.971 0.935 1.715
SNV 1, 1, 1, 1 1.890 0.937 0914 2.204
Oil onl 1, 1, 3, 1 2.050 0.925 0912 2.234
y 1, 3, 10, 5 1.987 0.930 0910 2.253

USEC: Standard error of calibration.

DR?: Coefficient of determination in calibration.

91-VR: One minus the ratio of unexplained variance to total variance.
YSECV: Standard error of cross-validation.
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Fig. 3. Scatter plot of protein content by Kjeldahl method versus

by NIRS for the calibration sample set.

Fig. 1. Scatter plot of carbohydrates content in Korean various

food samples by calculated lab. method versus by NIRS for the

calibration sample set.
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Table 3. External validation statistics for selected NIRS calibrations

Constituent n mean sp" Bias” r?? SEP(C)4) Slopes)
Carbohydrates 162 23.331 22.054 -0.345 0.987 2.515 0.991
Protein 162 8.979 6.544 -0.042 0.970 1.144 1.012
0Oil 162 5.116 5.875 -0.255 0.947 1.370 0.966
SD: Standard deviation.
Bias: Average difference between reference and NIRS values.
2. Coefficient of determination in prediction.
4)SEP(C): Corrected standard error of prediction.
S)Slope: Steepness of a straight line curve.
tion), Bias(average difference between reference and A U2 Kjeldahl ¥ Soxhlet Al 3} 22 7]£9] 3}
NIRS values) ¥ SD(standard deviation) 59| SAX& st B oz BN gy o]yt B4 e
AH-&-3F . Alzel AAe] el asta g vE3 4 Azto]
7 g A ] o SRS v A9 AFAR 162F0l AREW B2E 22048 AZtkE ddo] ot uhabA
243 A3, geskE, gwd 9 2w ASEP)#S 2 AFME FU FF AF 2 F4E Aol e g
0.987(2.515), 0.970(1.144) ¥ 0.947(1.370)% 1== ¥ F3E, 9 A 9 o] geks A9 BE-EA Y (near-
o AAHCA)S JERN Y o SEPE A v 9528 7F infrared reflectance spectroscopy, NIRS)© & Al<&&} 31
o] ¥4 AiE YERUT AEstA Al S8 = dv HHE FESIST &4
ool Axs Fal = w sl 5 Aol IrE Alme Bl7F9 vdd AF AeE d52d g
FolE, wild 9 o] gk BAS fld) e HAH (calibration set) 412% 3} oA %] ¥ 8-(validation set)
o] ZA L] TFEAE dSEEL 7E FAMHA o3 = 162F 0% FHiEste] AREsHSith. 719 318 4] whyol
e AFA FFY k] FAEE A e w2 o3 SA% AEE] A Aol A8 ~HER to]F
Frol EAo] Thsstn®e, 35 Sl % AFAIRS I ] FAAAE FAMste] 2 AR dSEAS HESH
7 Al 71 A A o' A e glo] mEal g8 o, WP AAEHMPLS) 2 tpFet =529} 2het
Aol ofg] A& FAl A4 F e &4 ol # HAE o] &3 A, grstE, vl 9 2 ke] Ahekna
Mo AMR 7M5 e Aolth ey AWe] B eestE & 717} weighted MSC, standard MSC ¥ SNV only &
2ol Hlel tha w2 A S UERER 55 A3E FAEE 47 13 W E(st derivative, 4 nm gap, 5
Zko] X0 g Al B3 E W vl o] v)s] Ak} points smoothing, 1 point second smoothing), 2} 1] &
Tha 98 F Jlen = olg nesly] 98 % S55™ (2,5,5,3) 2 12 1&(1, 1, 1, DS F&3lo] JxmdS
Mg Ao g 2 Ajme] A 3 WSl gdE F AEZ A3} FFho] 0.971, 0.974 2 0.937%2 =1 SECH:
g SR JfEFe] A5 aTHM, ol & 93 A|&HA A 2 4.066, 1.080 % 1.8900.8 e HZ o] q=rds J|
T E F83 o2 vuE watginh Al AR HA d5Edd o F daes) At
S| 2EOHS AES Ay A A BF A9 HEE A
e 9o ASRE R ATS SR1% = Aom, HA] oSl
S vA 9] A FE AR 162F 6 A& A, ghrshE, o
219 3U PSR BstE, v 9 A ko] Ukl A @ Aol ASEP)ZES 0.987(2.515), 0.970(1.144) 2
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