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GC-FID sywinaifieu ganau 2559 9 fugngu 2561 o nevideuasinmTingInsndanisiiuiien
LAZLUTTUNEANANEAT NTUTVINITNYAT NTIVN 1NHANITNARDY wuludndndesasd
USunansaunaifin nsnawiisdn nsnlewadn nsndluadn waznsealuiadn lnswmdswiiu 11.20
3.40 22.75 56.95 waz 8.59% nuaeu lundlsdmdesasdusununsau1adin nsnawiiedn nsm
Toladn nsndluiadn waznsndluaiin lnswdslindu 11.23 3.46 22.61 54.37 uaz 8.28%
AUEITY thandildunadieannisvinune sewmada PLSR Inearduussavsanduius (R) 109n5n
U&iifn nsnawiiein nsalewadn nsndluadn uaznsedlutadnluwdndamwies Wiy 0.92 0.83
0.91 0.85 wag 0.84 MUARU A1 R V9nsAU18dRN NsRELRESn nsalaadn nsedluladn Lavnsna
Tuadnluntsduvdos wiriu 0.93 0.85 0.93 0.93 wag 0.93 AUAFU AANUAMALATOUNIATTIY
Tumsvihuneusinunsalutudaundoslungu calibration (SEC) yasnsnUdiiiin nimaldein nn
Towadn nyndluiadn waznsndlwainluwdadiwdes Wy 0.40 0.19 1.30 1.10 waz 0.74%
AIUSITU A1 SEC voensaunaiin nsnawiesn nsalewadn nsmdluiadn wasnsealuainlunilda
W0 AU 0.38 0.20 1.18 0.93 uag 0.46% MUAFU uag AAnuAmIALAAouNInTgILluNg
vhureusinansalesiufiimaeslungy validation (SEP) wesnsaUrdiiain nsmaliiesn ninleiadn
nsnaluadn warnsmaluadnluwdndindes wiidu 0.47 0.23 1.59 1.30 waz 0.81% Muddu A
SEP veensnU&iiAn nsnawfiesn nsaleadn nsnaluadn waznsaaluadnluuilsdinios wiiu
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Abstract

Soybean is an essential and dominant source of nutrition for humans and animals.
Soybean has many useful chemical components, such as fatty acids, oil, protein, isoflavones,
sucrose and carotenoids. The fatty acid composition is an important index of fat or oil quality
from nutritional classification. Proper levels of unsaturated fatty acid moieties in vegetable oils
have been recognized as good nutritional characteristics for health. Reduction of levels of
linolenic acid and increase of oleic acid concentration improves oxidative stability of soybean
oil during storage and processing. This avoids the hydrogenation process that results in
increased concentrations of unhealthy trans-fatty acid. However, the conventional method for
FA determination is labor intensive (milling, oil extraction, chemical reaction, and GC analysis).
Therefore, there is a need for developing cost-effective and rapid method to determine fatty

acid composition in soybean seeds. Near Infrared Spectroscopy (NIRS) is one of the most useful,
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rapid, nondestructive, cost-effective and reliable multi-trait techniques in agricultural and food
analysis. Soybean samples were randomized and measured the spectrum by NIRSystems 6500
in wavelength region from 400 nm to 2500 nm. Five fatty acid constituents (palmitic, stearic,
oleic, linoleic and linolenic) were determined by gas chromatograph (GC) method and
conducted from October 2016 to September 2018 at Postharvest and Processing Research and
Development Division, Bangkok. The average contents of palmitic, stearic, oleic, linoleic and
linolenic in soybean grains were 11.20, 3.40, 22.75, 54.95 and 8.59%, respectively. Meanwhile,
average contents of palmitic, stearic, oleic, linoleic and linolenic in soybean flours were 11.23,
3.46, 22.61, 54.37 and 8.29%, respectively. Partial least squares regression (PLSR) was used to
develop the calibration equation for prediction. The correlation coefficient (R) of palmitic,
stearic, oleic, linoleic and linolenic in soybean grains were 0.92, 0.83, 0.91, 0.85 and 0.84,
respectively. Moreover, correlation coefficient (R) of palmitic, stearic, oleic, linoleic and linolenic
in soybean flours were 0.93, 0.85, 0.93, 0.93 and 0.93, respectively. The standard error of
calibration (SEC) of palmitic, stearic, oleic, linoleic and linolenic in soybean grain were 0.40, 0.19,
1.30, 1.10 and 0.749%, respectively. The SEC of palmitic, stearic, oleic, linoleic and linolenic in
soybean flours were 0.38, 0.20, 1.18, 0.93 and 0.46%, respectively. The standard error of
prediction (SEP) of palmitic, stearic, oleic, linoleic and linolenic in soybean grain were 0.47, 0.23,
1.59, 1.30 and 0.819%, respectively. The SEP of palmitic, stearic, oleic, linoleic and linolenic in
soybean flours were 0.49, 0.28, 1.41, 1.10 and 0.53%, respectively. The results showed that the
calibration equations from obtained experiment had high values of R and low values of SEC and
SEP which were indicating a good correlation between reference values and NIRS predicted
values. Therefore, these results suggest that NIRS could be applied for assessment of 5 fatty

acid constituents (palmitic, stearic, oleic, linoleic and linolenic) in soybean grains and flours.
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(palmitic) nImaResn (stearic) nsnlowadn (oleic) nsnalwadn (linoleic) wagnsnalutadin (linolenic)
838 GC-FID

2. dndunandudiunuy (original spectra) #ild Wassaunsyinnediemedia Partial Least
Squares Regression (PLSR) Taglglusunsy The Unscrambler® version 9.7 (Camo, Oslo, Norway)

3. yhmsfndenaunisinefiansanadulssansandunius (coefficient of correlation, R) g
AmnuamandouLmsgLlunguai9ENn1s (standard error of calibration, SEC) #1 uazAIAY
ﬂmmLﬂﬁaumwmgmiumjwmaauaums (standard error of prediction, SEP) G‘i’ﬂ

4. pyRdeUANLgNFBsuLuSasaNNsTiadtstu Tnshaumsluyssdiuiinansaluily
fhegsimasayIsuiisummsliasgiluiesufiRns

5. thaumsusaduuiinanseloiuluiegnadundes
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douil neviduuagiannInensndinsiiuieiwasulsgunaananyns

8. Wan1sNAasLLaziaNTal

AaNUAvIR18819lUNTNEUNTS

fhogreiumdesiogluguindn (grain) wazudsann (flour) Athunldlunisiraunisiiie
Usgifiulsununsaladu asiivsunansauradan (palmitic) nseaw@esn (stearic) nsnlatasn (oleic) nsn
alwiadn (linoleic) waznsadluiain (linolenic) sedusne q nuin Tuudndundesasiiusunansauid
1A TuYa9 9.70-13.39% nInafen agludae 2.42-4.17% nsalewadn agludie 16.49-33.20% nInd
luadn aglutae 48.39-58.48% uag nsnaluiaiin agludag 5.18-12.23.05% (Table 1) Tudiuvoudan
andumdeasiiUsununsaUalian lutas 9.43-13.70% nsnaiiedn eglutis 2.42-4.63% nsmleiadn
agluta9 16.49-33.20% nyadluladn agluyis 45.95-58.48% uar nsndluiailn agluyis 5.48-
11.56.05% (Table 2)

Mnmsiaanisgaduuaswesnsalusiulugu NIR (800-2500 unluwns) lagldinies NIR
spectrometer U371 Wi uazudananduvdesanunsngaduuasgafiniime1indy 1208 1496 1724
1765 2310 uaz 2338 nm dauduAinisgaduuasyesluanansalusiu (Williams and Norris, 2001)

(Figure 1 wag 2)



Table 1 The characteristics of samples used in model construction for palmitic, stearic, oleic,

linoleic and linolenic in soybean grain analyzed by GC-FID.

[tems Palmitic Stearic Oleic Linoleic Linolenic
Min-Max 9.70-13.39 2.42-4.17 16.49-33.20  48.39-58.48 5.18-12.23
Mean 11.20 3.40 22.75 54.95 8.59
SD 1.03 0.34 3.21 2.08 1.35
Unit % % % % %

Table 2 The characteristics of samples used in model construction for palmitic, stearic, oleic,

linoleic and linolenic in soybean flour analyzed by GC-FID.

ltems Palmitic Stearic Oleic Linoleic Linolenic
Min-Max 9.43-13.70 2.42-4.63 16.49-33.20  45.95-58.48 5.48-11.56
Mean 11.23 3.46 22.61 54.37 8.28
SD 1.06 0.39 3.21 2.49 1.23
Unit % % % % %
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Figure 1 The original NIR spectra of soybean grain samples in wavelength region 400 - 2500

nm.
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Figure 2 The original NIR spectra of soybean flour samples in wavelength region 400 — 2500
nm.
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ginmsthweiia NIRS  anldiiieadsaunsainanuduiudseninedinslnssiUsuunse
lushuludandosidluguuuudn  wozuthmanluiosfiims wasdmsgeduuadiugny NIR (400-
2500 nm) Wu1 Aanaunsiilsdianandnius (R) g Ineiitadovarsetraniieades (Table 3 uag 4)
WU
WEndnED

AsaUddRn e R Wiy 0.92 luvaizdien SEC Wiy 0.40% @1 SEP Wiy 0.47% @ Bias
Wiy -0.001% @1 F 1wy 14 Jade A1 SD wihiu 1.03% uaziegafildadisauniswiiu 206
F9E

nIAaLAESA UA1 R WinAu 0.83 A1 SEC 1wi1Au 0.19% @1 SEP windu 0.23% A1 Bias WAy
0.0002% A1 F $1u7u 15 998 fn SD winiu 0.34% wassnegnefildadeauniswintu 201 feghs

nsalot@dn UA1 R WAy 0.91 A1 SEC WAu 1.30% A1 SEP windu  1.59% A1 Bias AU
0.008% A1 F s1u7u 19 a9 A1 SD Wiy 3.21% wassegiildadiauniswintu 211 fegs

nsadlulasn UA1 R WNAU 0.85 A1 SEC WAy 1.10% @1 SEP 1i1Au 1.30% @1 Bias infiu

0.003% @1 F 39717u 19 U398 A1 SD Wiy 2.089% Wwarf108 9Nt uas19@uniIsivinny 266 fiiag1d



nsnaluatn JaA1 R Wiy 0.84 A1 SEC windu 0.74% @1 SEP iy 0.81% A1 Bias LAy
0.010% @1 F s1uau 12 Jady fr SD windu 1.35% wavsmeteiildadrsaunisuiniu 244 fegns
(Table 3)
wlanlandandes

nsaUIadfn S R Wity 0.93 Tuwauzfien SEC winfu 0.38% A1 SEP winfu 0.49% @1 Bias
WU -0.003% A1 F §1uau 20 Y98 A1 SD U 1.06% wazdegfildassaunismafu 216
981

NINALALTN A1 R M1AU 0.85 A1 SEC 1W1AU 0.20% A1 SEP VAU 0.28% A1 Bias LAy
0.001% A1 F $7u7u 20 J9de A1 SD winfu 0.39% warsegafildadisauniswiniu 196 dregns

nialatadn dA1 R Ay 0.93 A1 SEC 11U 1.18% A1 SEP 111U 1.41% A1 Bias tvi1Au
0.003% A1 F $7u7u 18 Jade A1 SD winfu 3.21% warsegafildadisauniswiiiu 228 fregns

nsndlutadn JA1 R 11U 0.93 A1 SEC Winfu 0.93% A1 SEP 111U 1.10% A1 Bias AU
-0.004% #1 F $1u3u 18 Yade an SD Wiy 2.89% wavsegeiildadauniswiniu 223 feea

nsadlutatin dA1 R WAU 0.93 A1 SEC 111U 0.46% A1 SEP 111U 0.53% A1 Bias 11U
0.003% A1 F $1u71 14 Y938 A1 SD winfu 1.23% wazsied1afildadieauniswindu 208 drogns
(Table 4)

Table 3 Results of PLSR calibration for contents of palmitic, stearic, oleic, linoleic and linolenic

in soybean grain.

Fatty Acid Wavelength R SEC SEP Bias F SD N

Compositions (nm) (%) (%) (%) (%) (%)
Palmitic 400-2500 0.92 0.40 047 -0.001 14 1.03 206
Stearic 400-2500 0.83 0.19 0.23 0.0002 15 0.34 201
Oleic 400-2500 0.91 1.30 1.59 0.008 19 321 211
Linoleic 400-2500 0.85 1.10 130 0.003 19 2.08 266
Linolenic 400-2500 0.84 0.74 0.81 0.010 12 135 244

R: Coefficient of correlation, SEC: Standard error of calibration, SEP: Stand error of prediction; Bias: The average difference between actual

value and NIRS value, F: The number of factors used in the calibration equation, SD: Standard deviation of average, N: Number of samples



Table 4 Results of PLSR calibration for contents of palmitic, stearic, oleic, linoleic and linolenic

in soybean flour.

Fatty Acid Wavelength R SEC SEP Bias F SD N
Compositions (nm) (%) (%) (%) (%)

Palmitic 400-2500 0.93 0.38 0.49  -0.003 20 1.06 217
Stearic 400-2500 0.85 0.20 0.28  0.001 20 0.39 196
Oleic 400-2500 0.93 1.18 141 0.003 18 3.21 228
Linoleic 400-2500 0.93 0.93 1.10  -0.004 18 2.49 223
Linolenic 400-2500 0.93 0.46 0.53  0.003 14 1.23 208

R: Coefficient of correlation, SEC: Standard error of calibration, SEP: Stand error of prediction; Bias: The average difference between actual

value and NIRS value, F: The number of factors used in the calibration equation, SD: Standard deviation of average, N: Number of samples
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- wudaumsilaiadussdnsanduiusgs waglirnanueaiadeuninsgulungy calibration
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(Standard error of prediction; SEP) n31A1n153LATII (SD) (Figure 2 wag 3) vinliaunsauaunis
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NIRS Predicted Value (%)

NIRS Predicted Value (%)
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Figure 3 The relationship between palmitic (A), stearic (B), oleic (C), linoleic (D) and linolenic (D)

values (%) and each predicted content (%) in soybean grains.
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values (%) and each predicted content (%) in soybean flour.
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