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Spectroscopic Analysis of Red Wines with A-TEEM Molecular Fingerprinting
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A-TEEM & (3 Absorbance-Transmission and fluorescence Excitation-
Emission Matrix D& T, HORIBAZ! Yt HFtiEEAqualoglliBE s h T
W3 i T % % (US patent 8901513), & DEAtT&{E > T, KBTI
IZH D0, BRmoh, 2> I8 EGTEL, Bf - BRBEEICS
WTHBEELRALNTA—REZRRTEHI N TE S, iEkAqualog
WWKSMBDEBEEZTWED, T4 20&5 BBROASHICHISH
TEBZEN DD - Aqualogld B2 LA RRMINZ ~ 7 ML % B
B/BTE, 71407/ —IVEBEEFEFMICEET, HuefB (71 >
BOBEW) LEEEE KD ZFICHER 280, 420, 5208 £ 1620 nm
CHBTDIMHIEZBAET DI ENTE D, Aqualogld BB X XRY ML D
HATZ, CIElabBZE ETHOEKERTRD TE %, Aqualogh g7 3
EEM (fluorescence Excitation-Emission Matrix) #g#% (%, NISTIZ#EE
BTREZINTEY (NIST AL —HTIL), PARAFAC (Parallel Factor
Analysis) ® X2 TP CA (Principal Components Analysis) & L\ 5 7=
ZEEBMBMERAVWTFHMET 22 &N TEDZ. RODEELDIE, BhH I
F—2HB2VWEEBRBT - 2DBMTIEIRETEE WY, TRIEHEPTA
COEFENRPBERDIRNPDEMETEEE R, AA-TEEMIERP 5Kk S
CENTEBRZETH D,

The patented (US patent 8901513) Aqualog which facilitates simultaneous
Absorbance- Transmission and fluorescence Excitation-Emission Matrix
(A-TEEM) technology, provides rapid access to a wide range of parameters of
significance in water treatment, drug and protein analysis as well as the food and
beverage industry. We think of Aqualog as an instrument for water analysis, but
find that it is adept at wine analysis and more. Aqualog acquires a complete UV-
VIS spectrum including the wine industry-standard Absorbance wavelength
values at 280, 420, 520 and 620 nm which are important to evaluate a wine’s
phenolic content, and derive characteristic Hue and Intensity values. Aqualog
also reports the Transmission spectrum which can be used to determine the
CIElab Tri-Coordinate color descriptions. Aqualog reports a NIST-traceable EEM
fingerprint which can be evaluated using multivariate statistics such as PARAFAC
(Parallel Factor Analysis) and PCA (Principal Components Analysis). Most
importantly, A-TEEM fingerprints yield qualitative and quantitative composition of
key flavor and color determinants in grape juice and wine that are not discernible
with simple Absorbance or Transmission data analysis.
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L, oz EfEAEICFAET S &N TE L, 40, Who ZOEBIGIOEIMZE D vy, 20 THE DKy
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TWh, ZOZ s, IWABEEIZHEIZT 4 > OEH
RS EBGTOMT A2 e RDBIKDLNL L)1
7:1:’) f:o

R %7 4V EROFERBISITE P VT, USHE
TII320B NIV, ZDEEAEEZHN) T NV=TT
HREL TS, —HTHRAREEHYEG A YIIHTIE
Kea e ¥ A TREHEDOTA VHBPE|ENTVEBDS, TR
BETETI 2 TIT DN D 5T Tl (ZITHRT AV H350H1 &
NTVDL B2, EFHENDZDRFETA YO ThHb, &
OBIEIH P OB O EEE, FEEDT A v %5 5
B, b EEHSNDEA L o Twd, 7 F7IEE
NABHEBIZDHM5 D) b, B L7727 Ry RFEFD
T/ = )VEERRIZ, VA VOMEERID LR EER
BT b AIWHEEINL Tz /= VE(T VM T
U, ISy TR =, ITF V)N, A DR~
T, 14720, BRREHD IZHEEZ 52 T0wE, Zhbo
T x ) = VR RS A A DILEW R — kL 5T, T
A ¥ OB JAEAME D &I Tw %, Veraison (L) & -
I 2 BB &, 2 0%B L2300 2 560H O #fiH
DOFWNEE (intervention) 1%, 74 ¥ OEERNE 2 5
EELEETHL, INLOFRIMEEL LT, £FE~OH
WAL ST L EOWEMEEGERWII7 2/ — VEHOA
B\ HBE 5259 HERZI PO—LT57 FY0
B2 B0 B <AESE (BB (T L o T—ED T P
BEICRERET 5 X 9128 <), varaisonf O HEMRIESE
(protoco) BE ENT W5, X o T, Y] 7 IUHE R o
WL, 7=/ — VEOFHMBIZIZRE 2L T 5T
Wb HESHE, pHRMREEIC S 280 7 51, B2
ML=V LIAT) 2B TELERNZMETH S
P, 7z = IVERITICH WO N mdliifk o a~ 77
7 (HPLC), #AZ7u~ 7 J 78w H0 (GC/MS), %4}k
WG (UV/VIS) & v 7288 1L, FEM 2 5 M)A 5
LT, @Y ML SRR b ID B,
ZDI2OE L DT A AENT — ¥ AT R FRAIHETE
LTWaBIFETH 5B,

Z 2T, Aqualogll BT 2 HH W A & LT, WNERHIE

w3 (Inner Filter Effect, IFE) # Fl\ 72 IEAERE 2 /8 /m L
72w, IFEfiIE £ 1, Primary Filter Effect (PIF) &

Figure 2 Spectral consequence of the inner filter effect

Emission Beam Path

Excitation Beam Path

Figure 1 Inner Filter Effect (IFE)

Secondary Filter Effect (SIF) # #§i1E 3 4 %t TdH % . PIF
SN, AR Y T OVIER IS BV CEIEHNE TSI BhE e A
FET D F 21, Y TIVEEORGIC & o TH G
MEAIZIHD LT CHR T, SIF &, RIS EGRE S
BT BIET 2 TN ENEZ L IC L - THHOH S
NHHLTH 5,

Figure 112" & 9 12HF OBhEEHEEE X, 406 E TR I F
FTLHENCT Y TVEEOWIIC L DA ICEA LT
o HRDFNL, B FIUVHIZBIT A2HRIIZ L Y igo S
N5,

Figure 2IZIFED AT N AERTH b0 BHAMART MV
2B 5 RO FIEEE L, b0 X 1) 550
SND. BFEEDOEWY ¥ T VICBITBHIFESR Lo
AR MIVEIEZ, IFEH ) OHEART MV EHIZRT o

TV A MIFERBEAHIEZ #IETE 5 DT, Aqualog
VB 1 72 AT O PESEREIE S 72 o T2,

WZSGRE, %@, IFEMEEEMZ FEHCHUE T2 2 12k
0, vy b, HISERRR 4 A ORI, S 5 ICER L, #
BRI & v o 72N R A Mt 3 5 7 &, T T A
VOO Y — v & L TAqualogZ TGS A 2 & ATH BE
Loz, CNSOMIEICLY, T4 ICETFNL T 1
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Table 1

Molecular groups Main contribution

Examples of individual molecules

anthocyanins color cyanidin-, petunidin-, delphinidin-, malvidin (-3-glucosides)
catechins bitterness monomeric flavon-3-ols catechin, epicatechin, epicatechin-gallate
tannins astringency polymers of flavon-3-ols catechin, epicatechin

non-flavonols antioxidants, sun screen

coumaric,caffeic, ferrulic,gallic acids, resveratrol

flavonols photoprotection

quercetin, myricetin, kaempferol, isorhamnetin, syringetin

J = VL FOBACDNBEE I BT REIZ 2 ), T4 v
F— U ESOMFDFR, T A OREHIFIE, RN
GZEEEZEAZ BB T I EIEATE20TIEEEZS
ﬂ;a)o

Table 112, 71 > O TH 2 75E, RRZEEB L OHE
BT L5k 72/ = VHEERT,

WEEZOT FYBLIT T FYRETIIBTEY =
(tannins) & 7 ~ b ¥ 7 =~ (anthocyanins) DE=% 1) ~
TIWC&oT, A YBEEITEY) 2SN REL, B
FEORRELOHL S NDE ZNS DILFER T O=EE LD
EDTED, 7LV FIREIZBWTINS O GE % g
FTLILILLoTURFELIBIEL, KON DR H G
DITA AL EFHZENTE S,

Ty TZvES 0GR LB RERIE T R0
RFEDRHI RIS % o FUHIM6ELFEICB VT T
X UL EERERT Y VU ANORM R R EL AR S
D, 7Y YT S UEE RIS 5 T a5
NDE)BIRADDHOERRT LI LI D,

AL, WOLEE & 46 (fluorescence excitation-
emission matrix, EEM) % [@ B (2 BU5§ 5 B il 2 F5o
Aqualog?®7 A YWZEICMEH S CTw b, Bfgeo £ HIY
IFA-TEEME 7 A ¥ OEBRR EH/ B &\ o 78RS
BEOHLHEE #MEMNITEZ & TH S, 280, 420, 5208
F 0620 nmIZ BT HWIEE & EEE B X U CIEREXIL,
T A YEFIZBWT, 2070 Y AN, SHEETICBIT
DEFRBAEDORTIEbON L EELIFETH 5, IFEMIE
HAEEMZ FW TPARAFACRPCA &\ o 72 %5 ® AT
THIEILEY, A OBEPIEDT LMD AT b
VB L BETHRAIET A ENTEL, 2DLHIZL
TELNAEREHNT, T4 ouy MM, HHE, B%
DT A VBET T X AN X B ORI A 7% 55
MWTEHEEDND,

HEEERAE
MBI TDOTY A TORIA EMH LI %714 >

DAEERB L7 Kz Table 21258 T . Vv 7Lz it
AFVKRTHRL, 1 cmBEEOHIEL)VIZT278 nmi
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Table 2

Production region Grape cultivar

50% Cabernet Sauvignon

ltaly (ttaly) 50% Merlot
Italy (Italy N/A) ND
Chile Merlot
California (CA) Merlot
Argentina (Arg) Malbec

55% Cabernet Sauvignon
40% Merlot
5% Petit Verdot

50% Tempranillo
50% Gamacha

France (France)

Spain (Spain)

B FERE(OD)H50.6127% 5 X 5 IS L, EiRTHl
EL7z0 &YV 7IVOEEM & WSEA~RZ M VIZ3IEIHEIE L
720 TIIEENEI, K MV EBE L TR DI O Hr
fEZRIRRE, BXORSUCLHEM & & LZREBIZB W THlE
EiTo 770

HEH, TXTOEEMIZBWTKRT < ¥ il E w2158
AT, EHIRELEH—L L7z FZEEMIZTXT
NISThML =% TN THbB, TD%, IFEMIEB L OL A
) =~ A X v 7 %47V, EigenvectorftdSOLO/ S 7 —
V% PARAFAC, B X UPCAMHTIZAEHE L 720

EREEBE

Figure 312" T & 9 12, EEMEIEDORE, B ZEOKRT A
BT BWOCEB L NEERICEES R Sz EEMT
&, BRI ORREB L OO ELR ) BB SN0,
Friir o FEBGOERERN 2 HBRIIRO NS, L
L, 2OEEM”5E- &) & bhb0id, Bhke - 388 Ex/
Em) ¥ — 27 %%275/309 nmfiE1d 5 UV TR 563 %
KD FEBERSTH D &7, RRIZESTHIZIZBI S
WS (B X OERIE) AT P Vs, FELINYE — 2
23275 nmTH A Z &, 320 nmPB L U520 nm ATz b §ne
BISHIZWRILAS S B 2 L Sh b 275 nmD ¥ — 7 | 350H
Tz /= VHEBENH ), 520 nmOK =217 NV T
SV EBEMN TS 2 AT E B 520 nm DWW BT
55561358 <, Figure IR TIHNLA T — IV TIIFREN
TV, EEMAFID500-600 nmf 3D ¥ — 7 (& RS
& LTI & D (Figure 651H) .
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Figure 3 Simultaneously recorded EEMs (A and B) and Absorbance and percent Transmission spectra (C and D) for a typical Italian red wine from a
freshly opened bottle Before (A and C) and After a one week exposure to air (B and D).

KA E 53Rt (Figure 3C, 3D) & 45 &, BRILIC
L VHIEANRT PUDHEML TW5 Z bbb, [k
12, K& &5 L72tADOEEM (Figure 3B) Tl & 54 /D
EEM (Figure 3A) & 1 & ZUHREEAIENI L TV 2 829K
SNTW5,

RS E, BEEHIUCIERERBHT

T A CHEFIE, PR3O DRI BT WO = H 7o
MERHLTBY, TNENA420, AL20, AG20L I
TWh, TNHOEL, 74 v ofmbk(k #, #HE) o
oy, HUE (88530) 0 Intensity (GRE) # R BRIZ D
N %o Aqualog TIZUV-VISHIR O A <7 bV & fI5E
TAHDT, TNH D3P RDOBICE % H 72 fFHT 251 5ET
Hbo HUEZDTORTEINL,

Hue = A420/A520
F ZoIntensitylZ L F ORI CRIE S LA,

Intensity = (A420+A520+A620)
F 72, A280D T 7 /) — VHEIFEET LN ED
OWPERAEEL L TbNL, L2 L7225, A28013od i,
FONEELEEINTWL EBbRS,
Figure 4AAB L UBICBIT 57— F1%, AL bAIZHh - T

IntensityDF-IMH (Figure 4B) 25K EWJHIZH > TV =ik
N72bDTH 5, Italy N/AY » TIUH b VR 2 R

Figure 4 Comparison of the Absorbance parameters (A) and Hue and
Intensity parameters (B) defined above, measured with Aqualog
for a series of freshly opened red wines from various countries.

L, Franceltt ¥ 7 VA& b 5V BIEDINT A =5 ThH 5
A420, A520, A620% Figure 4AIZ7RT 75, T o DflIL,
WTFNDOT A V2BV T EWIESLE 2R L7A2808 1%
M %R E Gh o7z, [MEEC, HUEL, Figure 4BIZ B\
T, 0820 H1.07OMIZ A LET T v ¥ o T a2nRL
THBYN, WENNT A=Y EOMBIEHE ) RN 0o7,

Figure 5ICCIEL931GEERICBIT 2 KT 4 v H v T D5y
fi %R CIE1931% 7 )V A4 — )V Tk L 7zFigure 5AlC
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Figure 5 CIE 1931 x and y coordinates for each of the wine samples from

Figure 4.

BWTIE, RIA A MITIEIFIAFTICED L Twi,
Figure 5Bi%, Figure SA T |ZFH - 728855 DHLKK T,
FTRTCOH ¥ TVITIEFE IR EF (x=0.337-0.347, y=
0.333-0.335) 12 L Tz 2 bbb x, yO&ET =4
A Y ML, BE#EREN—-DBRL TWb, Table 312,
Figure 312/R L7zItaly 7 £ » 4~ TV OWSGEE, i, B
L OCIE®ERI ST A — 5 Ex T i s ko
fEEELIIVWZEAIY A FADEERLTEBY, HLH
T RTOWINE/ ST A — % B L OREICTHE BN (p
<0.05) #/R L7z ZHEFigure 3 TR L7ZEEMB X 0%
P - BWMEDOT — 5 L= LT, fEXT A — 5 L
WL Twizo X o TCIEMERIZE D2 /87 X =4 %
FRALIZ & 0 AR (p<0.05) 7R L 726

EEM PARAFACFE#R
PARAFACKk L, 3RTT~ MY v 7 Ao THET, UT
IR B X912, BHeEET N T VK= % b OQJhiE A
N7 MO —T 4 YRR, @FHBART Mroa—
TA TR, QRET—T 4 Y7 RaAT 2L T-0IE
M L720 PARAFACKHRIII/INETET 1 v 7 4 ¥ 7 OVERE
(I X Y Bl &, core consistensy, 3 & U EM
LD ETVOBY X LNT A= OILEMNZ T
%o A EEHN L 72PARAFACE F)IVIE, §_XTHOT—F 1
YTBLORAATICBWCIFARMEO LM TR AT -
=0 AIAIGE L 723 RTOY » T O W T RRE & R
LERIZOWTHEEIEIE L 727 — % * PARAFAC TN
L7z BHES N0 —F 1 ¥ FEER L LT D - 5

Table 3 Absorbance, Hue, Intensity and CIE Lab color index parameters for the Italy wine sample shown in Figure 3 Before and After oxidation.

Absorbance Before 9 After 9 A o
A620 1.14E+00 1.09E-02 2.11E+00 1.17E-02 -9.78E-01 1.60E-02
A520 4.12E+00 1.50E-02 7.15E+00 1.70E-02 -3.03E+00 2.27E-02
A420 4.14E+00 1.86E-02 7.60E+00 1.14E-02 -3.46E+00 2.18E-02
A280 5.30E+01 1.38E-01 8.21E+01 1.36E-01 -2.92E+01 1.93E-01
HUE 1.01E+00 5.82E-03 1.06E+00 2.99E-03 -5.69E-02 6.54E-03

Intensity 9.39E+00 2.63E-02 1.69E+01 2.36E-02 -7.47E+00 3.53E-02

CIE Lab

X 1.10E+02 3.00E-02 1.06E+02 3.39E-02 4.79E+00 4.53E-02

Y 1.09E+02 3.29E-02 1.08E+02 3.85E-02 5.69E+00 5.07E-02

VA 1.06E+02 5.09E-02 9.72E+01 2.14E-02 8.57E+00 5.52E-02

X 3.40E-01 2.71E-05 3.45E-01 2.25E-05 -5.50E-03 3.52E-05

y 3.35E-01 1.59E-05 3.37E-01 3.30E-05 -2.25E-03 3.66E-05
X+Y+Z 3.25E+02 1.14E-01 3.06E+02 8.89E-02 1.91E+01 1.44E-01
L* 1.08E+02 1.21E-02 1.01E+02 1.46E-02 2.12E+00 1.89E-02
a* 1.18E+01 4.74E-03 1.32E+01 7.58E-03 -1.40E+00 8.94E-03
b* 6.57E+00 1.12E-02 8.45E+00 1.80E-02 -1.88E+00 2.12E-02
C*ab 1.35E+01 9.48E-03 1.57E+01 7.02E-03 -2.17E+00 1.18E-02
h*ab 5.09E-01 5.68E-04 5.70E-01 1.16E-03 -6.11E-02 1.29E-03
S* 1.31E-01 1.07E-04 1.55E-01 6.70E-05 -2.42E-02 1.26E-04
Q* 1.33E+02 1.08E-02 1.31E+02 1.31E-02 1.91E+00 1.70E-02
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Figure 6 IFE corrected excitation and emission spectral contour loadings for the five component model evaluated for all wine sample replicates before and
after oxidation. The PARAFAC model (n=84) ) was described with an r’=0.997 and a split half validation score r’=0.906 (where the model is tested
with two halves of the dataset separately) .

KEEHOREE 2 Figure 612773, 2 v F—% ¥ F1I2IE, Rl ONL Ex/EmBEIEICESE LN bna »

F W4 (275/330 nm) & <~ A F— 45 (275/425 nm) ®
Ex/EmFEESHEPRO NIz TV R—40 2 P2, H—i
OB (260/370 nm) Z/R L TWh, I VKR—F > b3
i, UVEIZ BT 2 EE 45 (275/300 nm) & IER I~ A
F— % 155 (275/370 nm) DEEH AR L TWwb, I VR~
MR, RERFEGTH Y, BEERIC CEE 2RO E
F 5 (Ex/Em=325/410 nm) O E#EZ R L TV, 72
7L, L EEEMORRERESRICB 58y FIRARET
T L 72250 nmPA EO#EFAZ S 3TN TB Y, +51250
HECX TR WIREEDSH L, I VR =1 ¥ MEIXILH 2
HEH(430/560 nm) ZINTHB Y, mOFIEEA D v

Table 4 Qualitative assignment of PARAFAC components

PARAFAC Excitation Max, | Emission Max,
Name
Component nm nm
C1 278 340 Caffeic Acid
Cc2 263 380 Flavonol Like
C3 280 300 Epicatechin
C4 315 405 Gentisic Acid
C5 445 568 Anthocyanin

A=A M & CRMEE L, BEMICEE LR E
Table 4275,

Ttaly7 4 Y I2BIT AR VEBREZEOMALIC X 2251t %
Figure 7127”3 2 Y R—% ¥ ML, BLAiEWINICE

100

M Before
80 B After —

60

RSU

40

20 -

C1 Cc2 C3 c4 C5

Figure 7 Comparison of the five PARAFAC component scores in the Italy
wine samples (n= 3 replicates per sample) before and after oxi-
dation. Component scores are reported normalized water
Raman scattering units (RSU).
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Figure 8 Comparison of the three major component cluster plots for PARAFAC (A) and PCA (B) analyses of the freshly opened wine samples (n=3 repli-
cates per sample).
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Juice Sample(s)

Scan UV-VIS Absorbance,
Transmittance and
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Component ID and Component
Loadings Clustering
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* Significant
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¢ Qualitative and
Quantitative
Information

Evaluate: Lot-to-Lot, Regional,
Varietal, Process and
Developmental Characteristics

Figure 9 Schematic of the relationships among the simultaneous Absorbance and EEM data acquisition and analysis with respect to the significance of
wine sample and component resolution pertaining to this study.

WCHEERRGT TH o720 52T RTOIT VK= b PARAFACH LUPCAICLK 37 5 X &2 —fEiR

IZBWTHLBOBED — 7 1 ¥ 7V (p<0.05) (23 PARAFACH X U'PCA (two-way Principal Component
mMLTHY, UVEHIZH 2 FioarR—4% > F1-3IE, & Analysis) 12 & V) FBES N30 DUOLEEE G OET IV 2
BRI LTI U R—4 v ML T, L hH YR=—Artu—74 Y TEHNT, AHEROTA O
L cwiz, 7T AL — RN R AT o 7oA R % Figure 812789, PCAIZ2
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WICIENT (two-way analysis) FEET, 55T Y R—%
YMNAATPAOEERTIEDLH Y, ALF G D AR
PLELTEWHMIZHENTLEZWIEEH D, LA L,
PCAEY v TIWVDARYT VIS O EM 578 m 1 7 224k
ERTHELELTURIASLH LN TWL HFETH L, 7
5 A& —EH O#H, PARAFAC (Figure 8A) 5 X U'PCA
(Figure 8B) DWEFNICBWT D, EIA VW RLE LT
ALY —=%RLTWDH, TN ZENZIA OB Z Fo =
LxRLTBY, CIE1931 X (Figure 5) 128175 7 A
YOBRSAADE I o TWDE I EEFIFE LBV &7 — %
oy MBI AHEHEMEE, £3D0DATTINT X —
7w BT 5 2 & THIWF L 720 PARAFACE 7 VIE, §X
TOF—% 1y MIBWTp<0.05DEMHER%, PCAMR
HrClap<01DBEAEZ IR L7z,

EHUIC

VP ED7— %1%, Aqualogll X ZW G & EEMO A EHIE
BLOWIHET A v OFHBICEHTEL 2 LA RLTW
%o FIZWICEED B Hue (5FR) 2 Intensity (5iEE) %, Hi&
E25CIE1976 (L™, a*, b™) #5445 2 & C, HERDFE
HHS A /N—F2 2 L TE %, Figure 912, TN H DR
R 7R T o BRI, OB EM I & 5, L
TRV EGT BEMGD AT PVPER ENTIERT
Hbo TNWz, EEMITIZCE T, 74 VyIZ&HEENS
TR O FRE B S8 C, BV INERESL 2 L
TEDLIITFETRE LN TH Do DR EATRE G,
XN T A YEHINOFREZ R T2 TR L, oS
KOT TV r—2a VIZBHTE2WREEELRL TV,

(RFRHIE, P Ic kDX, FoCH T TEERI L
LDTY,)
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