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Prediction of Chemical Composition Using Near Infrared Reflectance Spectroscopy in
Beer’s residue

Atitiya Suksaket! Patima Butcha? Udorn Srisaeng®

Abstract

Beer’s residue is a byproduct of the brewing process. Which is a high-quality protein
source, can be used as a protein source in Total Mixed Ration (TMR) feed to reduce farmers' feed
costs. The purpose of this research is to establish a calibration equation for a near infrared
spectrometer to predict the chemical composition of beer’s residue rapid and non-destructively.
Beer’s residue was measured for NIR absorbance at wavelength 800 — 2,500 nm with reflected
mode. Then analyzed the chemical compositions, which were dry matter (DM), crude protein
(CP), lipids (Ether extract (EE), ash (Ash), cell wall (Neutral detergent fiber (NDF), lignocellulose
(Acid detergent fiber; ADF) and lignin (Acid detergent lignin; ADL). The data analysis was performed
using the partial least squares regression (PLS) and modified partial least squares regression
(MPLS) methods with SNV and non-SNV (Standard Normal Variable) and detrend with derivative,
gap, smoothing, second smoothing and using math treatment 10 patterns to generate calibration.
The results were obtained from the calibration models of DM CP EE ASH and NDF showed ratio
of standard error of validation to standard deviation (RPD) more than 4.1 is classified as excellent
to applied any application, RPD of ADF was 2.81 is classified as fair to applied screening and RPD
of ADL was 2.16 is classified as poor to applied rough screening. Statistical testing for performance
measurement based on 12099:2017 of the model for beer’s residue, the NIRS prediction values
using NIRS were not different form the actual values at the 95% confident interval. Thus, NIRS
had a possibility to be applied as a rapid and non-destructive method for the determination of

chemical composition in beer’s residue.

Keywords : Near Infrared Spectroscopy, NIRS, Beer’s residue
Registered No. : 67(2)-0214-018

YMaha Sarakham Animal Nutrition Research and Development Center, Chiang Yuen,
Maha Sarakham.

?Ruminant Feed Standard Research and Development Center, Muang, Khonkaen.

% Feed and Forage Analysis Section, Bureau of Animal Nutrition Development, Department of
Livestock Development, Tiwanon road, Bang-Kadi, Mueang Pathum Thani District,

Pathumthani Province.



AN

o lutladuddyUadeniislumsidesdnd Ussuna 60% vesuyunsndarisiundudunu

o

£% (%
1 v 6 v o

A19MN5ERT TaelanizdniiAeneazldemsuerudundn uwaildesnnaiiasaniivemsdniiunsou

a0 1

fimnsgeslauazesdusznaumaniien (algns, 2560 way Wannapat, 1995) Weihunldiaesdnd vinli
dailasulnvugliioamedeniudeints Jedsuasuemstuiomiulavugliiudnd lneinunsns
#UNINALTORIMNTTUIINUTENANGN NSRS uillunduinane mnstuldiadlunisy Funwasnslu
| ' vy o X A v v ¢ @ & a = Y N
drudiivuldunuduises g nmswatemstuldiodurhiunidumadennidunisandunuuaziiig
UsganSnmnisnan uenaininisldunadiusiusiagn uvsenaunuemistundunisanduyudn
S )
manialaiguiy
nndesilunanaselaainlssnundndes daluunadusiunfinuain lnaenizlusiula
HuszAuguiuReIiunnmdaiie (uiinn, 2539) Rounds and Klopfenstein (1975) wu31 n1nides

wiadlusfunlvanuld 48-61% Feganitnindaviiesisian 24-31% Jagtudssinalneilseunde

) L 1

Wesegvianun 8 1sseulug (NTuasswaniia nsznTen1sads, 2557) delunszuiunisndnaziunady

dlugunmndiueaduienindes USunudssanasiudusel wavlunsyuiunswandesveaunay

gviovzunnsinsiueaniviuegivingAunuiunlduasnssuislunisuds dwalininidesveudas 8viedl

[

anuazlarasAUszEnounualiuandsiume Jagtunuasiidedaun lnsanizluiunladndan 1

[ a o

e 3 uag e 4 dinndesdaluingiviidnaeanst uldduwnasiusivluansoimsnauasudin

9

(% 13
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1. dsegeiwIouadadiinanasulasldiaios NIRS 8%e FOSS u DS 2500  (Foss
Analytical A/S, Denmark) Amgedudildinaunasueglutag 800-2,500 uilutums Tneldlusunsy
ISlscan NOVA fivusliaiunasuusazgaviniadu 0.5 uiluiung lngussaiegfivandaluadld
fets (sample cell) nanau Tneldognslinszaeasinaie awnu 2 $ivefiegns (duplicates) N3
AunuusavaSazLanseMsesAUsTneunaall S1uu 7 :18nsldun DM CP EE Ash NDF ADF waz
ADL thusiagsenisiildannnisinundediiouaninaeanunduduanndy 1 @udeseu deenilé
138031 AIN13QANGU (Absorbance)
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(Wet Chemical Analysis) l#ii a21ud ui e uwaamiesidusinguis Tnsousetsdaegousia
Force-air Oven ﬁqm‘wqﬁ 135 peAwaliod uu 2 Falus aaasd 930.15 (AOAC, 2016) wazantdu
\Wesidudinguiia (Dry Matter, DM) 1UsAu Inenesidudlulngiausieds Keldahl waagasiaaunn
Wes 6.25 MuATA 984.13 (AOAC, 2016 ) iy n1ui5 15011085:2015 wagid aw3s 1505982:2002
NDF #3357 2002.04 (AOAC, 2016) ADF wag ADL anaidsil 973.18 (AOAC, 2016) TagTias1zet 2 Hhdle

9819 ANLALSENI1 A1959 (Actual value)



3. M1AIAIUAIALAG DUVBINITTATIEWTUR B UAN1S e SEL (Standard error of
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idayaaunasuiazteidusenaumaeil X ANNFURUSAIETS Partial least
square regression (PLSR) Tagl#lusunsa WIN IS IV wisinegseeniiu 2 nguildudaszdedu fongu
Aldfadaanniaifisuninsgiu (Calibration set) ¥iungan DM CP EE Ash NDF ADF uag ADL uazngs
muasumultlavedannis (Validation set) ludndiunquaunisiiouninsgiusonguniuaauaIy
Tdldvesannis wiadu 80 e 20 Wesidud nisadrsaunisidunisadrauvuifugieainueindy
(Full Spectrum Method) A1875 Partial Least Squares (PLS) wag Modified Partial Least Squares
(MPLS) saufunislafinsusuudsanada wazUsuudsadnasuuuy SNV-Detrend 1t 8anA31
wUsUTIULAEA $5UMIUB U Aenavinlvdeyaaunnsuinsiud suuvasly uazld Derivative
mathematics #5 8 Math treatment V‘f‘liﬁzjyﬂ'ﬂ Derivative number, Gap, Smoothing and Second
smoothing 311U 10 WUY ﬁaf:(l,ﬁl,ﬂr,l) (2,44,1)(1,8,4,1)(2,8,4,1)(1,8,8,1) (2,8,8,1) (1,5,5,1)(2,5,5,1)
(1,10,10,1) (2,10,10,1) Tgldmuduuziirlugdonisldingea NIRS (Infrasoft International, 2005)
elAauNSEULINIFIUTRAAZII8NITTIUIY 40 aUNIS

mAndulsEansanduRusSsEwIaAnaseTuAYune (Coefficient of determination, r2) 3Aa5dl
Andlng 1 ArmnunaIaLAdeuInTsUYBINITa¥IsaNNTT (Standard error of calibration, SEC) Lay
ﬂ'wmmﬂmmLﬂﬁaummgmﬁuaqmiﬁqﬁ]ﬁt,wuvl,ﬁ (Standard error of cross validation, SECV) ﬁ?fwmﬁ

A6 (Infrasoft International, 2005)
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Usziiunugnaswiuglngldratinsigg loun A1 SEP msiiAdeenidn 2 winvee SEL (SEP < 2 SEL)
AAnuRnnaaLeae sz ildain3imnaaiuasAfiléannds NIRS (Bias) masiidtiosndn 0.55 i
Y84SEC (Bias<0.55 SEC) @1 Standard Error of Prediction correction (SEP(C)) #aen11 1.291411084
SEC (SEP(C) <1.29SEC) Aanuduitilng 1 (Slope ~ 1) #aisn15984 Sithiporn Associates Company
(2017) uonand lﬁﬁmimﬁzﬁ’m‘iguqmmwmmammw’hsm'1 RPD (ratio of standard error of
validation to standard deviation) au33n15vee Williams (2019) Fauandlu Table 1 wnauiildlunis
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Table 1 Criteria of prediction efficiency : Williams (2019)

RPD Value Classification Application
00-19 Very poor Not recommended
20-24 Poor Rough screening
25-29 Fair Screening
30-34 Good Quality control
35-40 Very good Process control

> 4.1 Excellent Any application

RPD = ratio of standard error of validation to standard deviation
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Ty D A1 bias confidence limit

top B8 A1 tvalue YBINTNAFOU 2 9119 ¢Y degree of freedom fieanndasitu SEP 7if
AU n-1

SEP @@  Standard error of prediction (A1 uRANAIRNIRTgILIUANTYIUNEYRINEGY
NadaU)

n Ae  wumeglundunadey

3.2 M3R5@aUAT SEP WWun1sA1uaaAn The unexplained error confidence limit (Tye) 110
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Tye =SEC{/Fom)
Tue Gh) The unexplained error confidence limit
Fav v A8 A1 F value
SEC  #e®  Standard error of calibration (AnmuAANaIANRTEILlUNTTAT AN VRINGUATS
#Un19)

~ 1Y 1 < a a a o o P

Ao srauAuLRzlureInIsinAuRanaInsiini 1 (type | error) Inevily e 5%
Vi ) Nualidation set - 1 (degree of freedom¥gennaosiu SEP)

M fp Nyatidation set - p - 1 (degree of freedom Naoandodnu SEC) Iny p Ao number of terms
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Table 2 Total sample, nutritive value and standard error of Beer’s residue.

Parameter N Minimum Maximum Average +SD SEL
DM, % 135 87.90 94.77 92.65 1.70 0.40
CP, % 133 22.17 40.22 31.31 4.12 0.94
EE, % 143 2.87 11.57 7.71 1.60 0.34
Ash, % 129 2.51 5.06 3.59 0.67 0.13
NDF, % 125 46.04 67.94 55.43 4.76 1.53
ADF, % 123 21.32 36.85 26.88 3.33 1.69
ADL, % 127 4.39 18.96 9.73 2.32 0.78

N, Number of samples; SD, Standard deviation; SEL, Standard error of laboratory; DM, Dry matter; CP, Crude protein; EE, Ether
extract; NDF, Neutral detergent fiber; ADF, Acid detergent fiber; ADL, Acid detergent lignin.

FernesdUsrnoumaaiivesnnideslunuisensiidenadsiussnurssaneinausaih
mmgmmmié’wﬁﬁymLgawawizmﬂl‘ma (2551) wag Adunud LagaAmy (2559) N518971U7
aeAUsEnauMaeilvasnmdesue DM CP EE Ash NDF ADF uay ADL lensiali 91.3 25.0 5.7 7.8 50.7
22.8 Uag 3.3 AUAIRU WazfNEnnAaBInUIIgINYeY ANEATINNNIANABINISIATUE lAULIuU ST INA
e (2563) nuiesddsznaumaaivesninidesiie DM CP EE Ash NDF ADF uay ADL fendadl 91.76
26.29 5.82 6.76 52.76 23.17 way 2.27 MuUa1AU way asAusznauniaaivesninidesan CP EE Ash
NDF ADF uay ADL flensfail 33.31 6.25 3.90 55.28 25.31 uas 6.41 Audndiu eaziiuinmesdusznou
maadiildnaunisifisusasgudaaenndosuasareunguesduszneumaninaninifesanuas
n1deswife waziilofia1sanan SEL Tu Table 2 azwiusaan SEL fiaen wansliiiusadiainy
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n1sadruaznusauanuldldvesaunisiisuannsgiu

nMsadaum s unsgiuvesnndefldannduiivasnuenadu 1,100-2,500 wilulns
lnen1sinkuuasiaundu (reflectance) azuuanaeg1veandu 2 ngu Ae nqu Calibration set way
Validation set [¥dndrunisidendiegauuuiiugiefeg umufimuundemnuamuiadudunay
ﬁi’ﬂmu@haéﬂqﬁéfaamiL”iuszi’mﬁaLw'qmjfu Falduuuiutae 15 A5 UasEUNISBUNINTFIUA
osAUszneumMaAiivaaninides DM CP EE Ash NDF ADF way ADL tilevingu Calibration set ana$na
aun1sfisunnsg1ulagldndnnis Principal Component Analysis (PCA) kagldnannsAuanaINmm
aluda (Mahalanobis distance) Lﬁ"aﬁmﬁaaéwqﬁﬁﬁﬂaguaﬂﬂﬁjmaaﬂ FarnfiAnUnatenainanmany
A 1y Msaunuiiianaiavieanuiinunfvesanlasinef 1wy Aveadangn ﬁmm%uqa %30

gaunilas (Uunila, 2564) deiu vilivdesiegsdmiungu Calibration set A1 DM CP EE Ash NDF

]
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ADF waz ADL 971731 109 104 109 103 100 97 hay 101 #28819 NUa19U TA109AUTENBUNIAL

AEgn-A1dIanveInga Calibration set uaz Validation set asuanslu Table 3 9zLiudndoyaves

'
1 o

psRUsEnaUMAAiiLsas Anlufieg1angu Calibration set ATEUARUATFNAALALANRIAAYBIAIBENEY

Validation set

Table 3 Number of sample and nutritive value of calibration set and validation set of Beer’s

residule.
Calibration set Validation set
Parameter

N Min. Max. Mean SD N Min. Max. Mean SD

DM, % 109 8790 9477 9264 1.71 21 8922 9433 9306 091
CP, % 104 2217 4009 3131 409 21 2228 3587 3138 378
EE, % 109 325 972 765 161 23 333 944 755 153
Ash, % 103 253 506 360 067 20 251 480 349 067
NDF, % 100 4645 6794 5553 479 20 4604 6502 5518 504
ADF, % 97 2188 3685 2693 332 20 2272 3562 2713 340
ADL, % 101 439 1896 973 224 22 620 1854 10.10 253

N, Number of sample; Min, Minimum; Max, Maximum; SD, Standard deviation; DM, Dry matter; CP, Crude protein; EE, Ether extract;

NDF, Neutral detergent fiber; ADF, Acid detergent fiber; ADL, Acid detergent lignin.

ntfuth@eg1angu Calibration set wafrsauninfisvuinsgiulasldlsunsudnsagy
WINISI IV sauiunslandnafia PLS regression wuu Full Cross validation wag MPLS LuuUSulLsiaiay
Liusuussadnaiu e lildaunsianaalunsihuigesduszneumaniiuiasan lngagiansanan
AUNNSTSAT SEC waz SECV @1 A1 r2 wag 1-VR da1d1lng 1 (Guo et al, 2021) nu31 @nnsuves
Frogremnilesaildinisusuuns I8nvazanasu@ufinnine (Broad peak) wasiinisideusives
awnn3u waneds Figure 1A INTIEABLANANSYBTUIABYMAGIBE 9T AR N dvesTagAuTy
mMsandesfiunnsnaiu dwalrnsnszidauasuandnaiy uazidlevinsuuusisanasusemeadama
ANIAAIANS A1UNTDYILAATYYIUTUNIU aAN1INTETIBILATLAzAanAINLAIYBsLAazalUnATY LA
Aalang Figure 1B hag 1C laun15192§ SNV waz Detrend saununsley 1% derivative Was

2" derivative ﬁag‘iugﬂ%aq derivative, gap, smoothing, second smoothing
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Figure 1 The spectra of Beer’s residue from Near Infrered spectrometer at wavelenght region of

1,100-2,500 nm (A) Original spectrum (B) 1°** derivative spectrum and (C) 2" derivative spectrum.

Tne 1% derivative avaheuidgmiianasufidnfiutunsiinaontisauenaau wieiins
JAeufvesALUNATIALILLILAY Y HANTENULUUAN (Multiplicative effect) dWinaNIUINBUNIATDS
fegneiuanseiu symamnalngazdsuiinmenisiiunwesiasadulusodisldtesniteyna
yuadn liwandumadildlusegsldszsgmannnitieufiazagvieundusenun vinliigngandu
11nN91 YaUEdl 2 derivative azvilIAnNTsLENYBIYABBAT LA DuTBURA DY AU Gap uaz
Smoothing szteUSuannduiiiian v dusenunaudnnszansliiEeuty (ayus, 2548) Fe9z1iu
'i'm'mmiﬂ%’uLm'ﬂaLUﬂm%’m’hEJmﬂﬁﬂsﬁwﬁmzﬂhmmaé’zgfy,m‘lﬁﬁmm%’mLﬁ]umm'ﬁyul,t,azammfm
LUTUT IR AAATLNINNNINTELILAVBIF087 (Kasemsumran et al, 2004) MnLEuALUNASUNUIN

Tuanavesansnillelasiau (H) Wuesdusznevegluiusy azgandunatlugg NIR 167 deiuse OH
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v

awnululassadnsluanavesn dauiusy N-H asnululassadrslinanaveslusfiuuagiuse C-H asny
TulesaasTuanavedlusiu (Osborne et al., 1993) lungjilstu O-H vesiazifiufiniidaiauiign sy
1fin weak band Tutisaduuas NIR Shenk et al. (2001) :1e91uHaREAMISNIINEATAILL RN
awnafu NIR funudavesesausznaun finnueniadu 1940 uilumng Wiy Aenusnadu 2180
ulutuss uaglviy fewenndu 2310 wilumns deaeandesiusenuaes wamoto et al. (1995)

swawihinneUnfagandurasiateedy 1150 1350 1440 1790 wag 1930 wilutes Tuvasy

a

7 William and Norris (2001) 3’1ENmfi’]ﬁmf’wﬁ'mLﬁ]uﬁqmﬁmmmm?{u 1450 uag 1940 WIlWung
dmfumyilsidu C-H Wlugiu wuiinfiaawe1indu 1410 2070 2140 2310 way 2380 unluins
(Shenk et al., 2001) Tunfileritu N-H Aidulassairaveslusiusgnufinanniuiiaueniadu 910
1020 1510 1980 2050 2180 2310 2242 uaz 2290 u1luwuns (Osbomne et al., 1993;Williams and
Norris, 2001)

n1sasiaunsifisuasgudmsunindesiinisly MPLS 91uau 6 518015 takn DM CP EE
Ash NDF wag ADF wagld PLS 97u3u 1 578015 bln ADL T93aveinisasieaunisvinuigssdusenay
maiadlingg veaninies wanslu Table 4 wud1 aunnsifieusnsgIuiiaiigaves DM CP EE Ash NDF
uaz ADF ludregrsnmnidesddinnuusiudireudisgefian 2 11nndn 0.90 luvafiannisidey
11755189 ADL ufiUszAndnmnisviiunedesniinmaiungesduszneunaaiiaiadug Tagdan
RZ Wity 0.69 onaflamgilosannimaiia NIRS azannsansiadevssdusznouvessnegiilluanadu
fusiewusylalasiauldd luvasfianiufeds aromatic polymer va3p -coumaryl alcohol wae
coniferyl alcohol Adousefudeiuszdmes C-O-C way -C-C wenandandudiuiuaslulansy
yiaduAnduamsUszneuiidudeuisganau NIR léfes uazilefinnsanamildlsvesaunisaindr RPD
nnaein1siiansanauldlavasanniseieal RPD ¥a9 Willlams (2019) wudn aunisiieuninsgiu
¥u18 DM CP EE Ash uag NDF fif1 RPD 3nnn 4.1 ulu dmfiuaunisfisemdeuaunsatilulély
NNSAIUANAMAN ATUANNTEUIUNITIA UYNU dUNNTTBULIRTEIUYIUIEAY ADF de1 RPD agflugas
25 29 Wuaunisieglusyiuuunansanunsaldlunisdmdenusoutassiuliunm was aunsiune
A1 ADL fifn RPD egfluting 2024 Wuaunmsioglusgiulsifaunsathluldiuismesduszneuniaed]

IoUaefuvingu



Table 4 Statistical analysis of Calibration set and Validation set
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Calibration set

Validation set

PLS

Parameter Treatment

factors r? SEC SECV N r» SEP Bias RPD
DM, % MPLS  SNV-detrend ~ 2,55,1 8 106 096 034 058 21 096 031 -0.03 479
CP, % MPLS None 2,5,5,1 7 97 099 049 083 21 098 055 -0.01 685
EE, % MPLS  SNV-detrend  2,8,8,1 9 109 099 015 0.30 23 099 015 000 10.08
Ash, % MPLS  SNV-detrend  1,10,10,1 9 102 091 020 027 20 096 013 000 534
NDF, % MPLS  SNV-detrend 1,551 7 95 095 1.08 1.28 20 096 1.11 -033 4.67
ADF, % MPLS None 2,10,10,1 6 96 089 1.11 137 20 087 121 -0.02 281
ADL, % PLS None 1,8,8,1 8 99 069 1.26 1.46 22 078 1.28 001 216

N, Number of sample; r?, coefficient of determination; SEC, standard error of calibration; SECV, standard error of cross validation;

SEP, Standard Error Prediction; RPD, ratio of performance to deviation ; DM, Dry matter; CP, Crude protein; EE, Ether extract; NDF,

Neutral detergent fiber, ADF; Acid detergent fiber, ADL; Acid detergent lignin.
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Figure 2 Relationship between actual and predicted of chemical composition of Beer’s residue.

Table 5 Statistics performance measurement of developed calibration equation for chemical

composition according to ISO 12099:2017

Bias SEP Slope
Parameter  Calculated Criterion Result Calculated Criterion Result Observed Calculated  Criterion  Result
value (Ty) value (Twd) value (tos) value (taoy2)
DM, % -0.03 0.14 Pass 0.31 0.44 Pass -0.21 0.99 2.08 Pass
CP, % -0.01 0.25 Pass 0.55 0.64 Pass 0.00 1.00 2.08 Pass
EE, % 0.00 0.07 Pass 0.15 0.19 Pass -0.04 1.00 2.07 Pass
Ash, % 0.00 0.06 Pass 0.13 0.26 Pass -0.05 0.99 2.09 Pass
NDF, % -0.33 0.53 Pass 1.11 1.41 Pass 0.00 1.00 2.09 Pass
ADF, % -0.02 0.57 Pass 1.21 1.44 Pass 0.00 1.00 2.09 Pass
ADL, % 0.01 0.57 Pass 1.28 1.63 Pass -0.05 1.00 2.07 Pass

Ty, The calculation of the bias confidence limits; SEP, standard error of prediction; Tye, The unexplained error confidence limits;

Tops, The observed t value; t(1_ay2), : The t-value obtained from table t-distribution for a probability of O = 0.05; DM, Dry

matter; CP, Crude protein; EE, Ether extract; NDF, Neutral detergent fiber, ADF; Acid detergent fiber, ADL; Acid detergent lignin.
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