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SUPPLEMENTARY MATERIALSAND METHODS
M aterials. Dipotassium phosphate (anhydrous), hydroxylamiydrdchloride (99%), monopotassium

phosphate (anhydrous), phosphoric acid (85% J@)Hpotassium nitrate, potassium sulphate, sodium
bicarbonate, sodium carbonate, sodium chloridejusochydroxide, sodium sulfate and trisodium
citrate (dehydrate) were purchased from Sigma AtdriSigma Aldrich, Dorset, U.K and Sigma
Aldrich, Brgndby, DK). Silver nitrate (analyticatagle) was purchased from Fisher chemicals (Fisher
Scientific UK Ltd., Loughborough, U.K.). Gold(lIQhloride trihydrate (99.999%) was purchased from
Alfa Aesar (Alfa Aesar, Ward Hill, MA 01835, USAJhe solvents (methanol and water) used were of

HPLC grade, and all chemicals that were purchasee wsed as supplied.

Preparation of glassware. All glassware used for synthesis of colloid suspams was washed for at
least 10 min with aqua reqgia (3:1 HCI:HR)Qo remove metallic contaminants, then rinsed with

deionized water.

Synthesis of citrate-reduced silver colloid (CRSC). CRSC was prepared as devised by Lee and
Meisef. 90 mg silver nitrate was dissolved in 500 mL ingjlwater. The flask was stirred rapidly
throughout the synthesis. 10 mL of a 1% sodiunat@tsolution (1.0 g dissolved in 100 mL water) was
added drop-wise and slowly (approximately two-thdegps/s). The mixture was left boiling fetl h,
turning milky in appearance indicating successtmaparticle formation. UV-Vis spectrophotometry
of a 1:4 dilution of the colloid suspension ideletf thei.x of the nanoparticles as 426 nm and this

was in agreement with the literatbir&he flask was cooled and stored in the dark @inreemperature.

Synthesis of hydroxolamine silver colloid (HRSC). HRSC was prepared as devised by Leopold and
LendP. Stock solutions were prepared as follows: sodiyaroxide, 30 mM (0.1199 g NaOH in 100

mL water), hydroxylamine, 314.86 mM (0.104 g inh@Q water) and silver nitrate, 1 mM (0.169 g in



10 mL water, then further diluted 1:9 in water).rBQ sodium hydroxide solution was added to a flask
with 158 mL deionised water under vigorous stirriMpintaining the stirring, 2 mL hydroxylamine
solution was added along with 20 mL silver nitragelution, added drop-wise and slowly,
approximately four-five drops/s). Stirring was ntained for 15 min. The content turned milky and
slightly yellow indicating successful nanopartiébemation. The prepared stock solutions allowed for
five batches of colloid to be produced. UV-Vis gpeghotometry of a 1:1 dilution in water of the
colloid batches identified th&n.x of the nanoparticles as 418-429 nm, also in ageeemnwith the
literaturé. The second batch was observed to have the nastdvaed and highest absorption peak,
with Amax @t 418 nm, indicating a more uniform nanopartgifee formation, and was chosen for further

analysis. The flask was stored in the dark at reemperature.

Synthesis of citrate-reduced gold colloid (CRGC). CRGC was prepared as devised by Lee and
Meisel'. 240 mg of Au(lll) chloride trihydrate was dissetVinto 500 mL of boiling water in a flask
covered by aluminium tin foil to mask out light. 8 ask was stirred rapidly throughout the synthesi
50 mL of a 1% sodium citrate solution (1.0 g digedl in 100 mL water) was added drop-wise and
slowly (approximately two-three drops/s from a 10D pipette). The mixture was left boiling for ~1 h
turning deep red in appearance. UV-Vis spectrophetoy of the colloid suspension identified the
Amax Of the nanoparticles as 532 nm (see figure S5agmreement with the literature. The flask was

cooled and stored at room temperature in the dark.

Preparation of aggregating agent mixtures. 0.1 M solutions were achieved by dissolving 1428
sodium sulfate, 101.1 mg potassium nitrate, 58.4sotjum chloride and 174.3 mg potassium sulfate,

respectively, each in 10 mL water.



Preparation of pH buffers. Three pH buffers of 3.0, 7.0 and 10.0 were pregan 0.1 M stock
solutions. The pH 3.0 buffer by 1.1 mL of 0.1 M phboric acid solution (6.842 mL of 85% w/w
H3PO, /H,0 in 1000 mL water) and 8.9 mL of a 0.1 M monopsias phosphate solution (anhydrous
136 mg to 10 mL water), measured and adjusted t8©®HThe pH 7 buffer via 6.2 mL of 0.1 M
dipotassium phosphate solution (anhydrous 174 nmi@imL water) and 3.8 mL of 0.1 monopotassium
phosphate solution (anhydrous 136 mg to 10 mL Wateeasured and adjusted to pH 7.00. The pH 10
buffer via 5.5 mL of 0.1M sodium carbonate solut{dlaCOz210H,0 268 mg in 10 mL water) and 4.5

mL of 0.1M sodium bicarbonate solution (84 mg tomiDwater), measured and adjusted to pH 10.0.

SERS Measurements. SERS spectra were recorded on a DeltaNu Advantagehibop Raman
spectrometer (Intevac Inc., Santa Clara, CA, USAh a 633 nm HeNe laser emitting approximately
3 mW (measured at the sample). Spectra were adgiare20 s over a range of 200-3400trwith a
spectral resolution of 10 ¢mIn experiments S-1 and S-Il, spectra were reabiideive replicates per
sample (100 s per sample). In experiment S-llljviddal spectra were recorded for 20 s and saved
continuously for 30 min. Samples were presentdtiéspectrometer in 8 mm disposable capped glass
vials. For all experiments, all vials were prepapeidr to measurement except addition of the cdlloi
suspension. Before measurement of each vial, doll@is added and the vial was vortexed for 5 s. and
subsequently measured immediately after for exparinS-1, S-Il and S-Ill. Manual adjustment of

laser focus distance before each experiment was\athusing toluene as a calibration standard.

SUPPLEMENTARY PROCEDURES

(I) Identification of a suitable colloidin order to identify any SERS effects in the specccurring
from the analytes, the three colloid types and &malyte mixtures (6 variations) were each combined

into A) a mixture of 20QuL methanol and 200L colloid, B) a mixture of 39@L methanol and 1QL



analyte mixture (either SM or AM) and C) a mixtwk190 uL methanol, 20QuL colloid and 10uL
analyte mixture (either SM or AM), in addition taspectra of 40@L methanol (19 measurements in
total). The C spectra of each variation was congavith its A, B and methanol counterparts and a

colloid was finally chosen based on these obsamsti

(1) Ildentification of an environment that enhances SEEponseAggregating agents and pH can
influence the SERS response. Aggregating agentsr{mmly in the form of salts) can be added to the
solution to increase aggregation and thus intevastbetween nanoparticfesH can alter the colloid
environment as well as the charge of the analyiafluencing nanoparticle/analyte interaction. $hu
each of the analytes were screened in a matriowf dggregating salts by three different pH buffers
recording for each matrix cell a “blank” of Pk methanol, 5QuL aggregating salt solution, 1Q@Q pH
buffer and 20QuL CRGC (chosen in experiment 1), and an “analyte2® uL analyte mixture (either
SM or AM) 25 uL methanol, 5QuL aggregating salt solution, 1QQ pH buffer and 20QuL CRGC.
Visual comparison of the “analyte” and “blank” sai® overlaid for each matrix cell was used to
eliminate signal effects induced from the presearfoeither methanol, pH buffer agents or aggregating

salt, the optimal combination was selected.

(1) 1dentification of stabilization time of anakytand the colloidFor each analyte, a vial was prepared
with 25 uL analyte mixture (either SM or AM), 25 methanol, 5QuL 0.1M KNO; solution, 100uL

pH buffer and 20QuL CRGC. The vial was placed in the spectrometeiclvisequentially recorded
spectra for 30 min. Peak heights of relevant Rasfafts were examined as a function of time to

establish a time frame for optimal SERS response.



SUPPLEMENTARY RESULTS & DISCUSSION
Experimental results.

(1) Identification of a suitable colloidOf the three colloid types investigated a SER$arse was only
observed with the CRGC. As expected, the preseficenathanol influences the Raman signals
significantly, as shown in Figure S1. Although timethanol concentration was kept constant in the
experiment, the addition of CRGC lowers the methamensity noticeably, and features originating
from the CRGC emerge. A peak at 756 crmonclusively originating from the skatole intetian with

the CRGC, shows that SERS can take place in arsysteere methanol is present, and thus methanol
does not saturate the colloid surface (at the §pdaioncentration). The Raman signal at 756" dsn
reported in previous studies of skatole and trypéop(the amino acid with skatole as side cfidin)
Similar results were obtained with CRGC and andémste as analyte (data not shown as the

androstenone/CRGC interaction is elaborated ifidf@wving experiments).

(1) Identification of an environment that enhan@BSRS respons&he resulting spectra of varying the
pH and aggregating agent are shown in Figure SZherskatole and Figure S3 for androstenone,
respectively. For skatole, a noticeable enhancewiethie signal is observed with KN@t pH 3.0 and
KoSO, at pH 7.0. Similar enhancements were found for plogassium salts with androstenone,
although the enhancement was found to be mostfisigmi with KNO; at pH 3.0. It was found that
linear changes of the pH environment did not presinilar linear changes in the intensity spectra.
This non-linear response is attributed to the tlaat the adsorption geometry of the colloid surfiaasy
change with pB and/or that the orientation of the molecules eust on the colloid surface is
different for different pH valuéd®. Both skatole and androstenone are largely nemicdécules the

approximate pKa values are not within the inveséidaH range, so the effect that we are obsergng i



most likely not due to different protonation statésthe analyte, but due to the citrate surfacerday
(which has multiple pKas: 3.05, 4.67, 5.39). Theref at pH 3, the citrate layer is most likely to b
deprotonated, aiding interaction with the analytésinterest. It is clearly advantageous for this
application that both analytes perform well undee same conditions (i.e. same pH / aggregator

environment) and thus, KN@On a 3.0 pH environment was chosen for the furthgreriments.

(1) 1dentification of stabilization time of anakytin the colloid The time-dependency of the SERS
effect for the two analytes in their optimized eowiments is shown in Figure S4. Both signals reach
equilibrium after ~20 min post colloid addition,~8t5% of their original intensity. Noise in the
intensity amplitude (of ~5%) seems to be introdusen equilibrium is reached. This is likely to be
due to the dynamic nature of the process wherartag/tes have to associate with the metal
nanoparticles and these then must be appropriatgjsegated. It does, however, underline the

necessity of taking multiple measurements (afteildgium is reached) to average out the noise.



FIGURES & TABLES
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Fig. S1 Raman signals of methanol (MeOH), skatole (SM)gmid colloid (CRGC). SERresponse evident fppeak at 756 crh
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Fig. S2 SERS response of skatole for different pH and agdoe environments. Blue line is spectra withowlgie present (blank)nd
green spectra is with analyte present. All greshow arbitrary intensity values
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Fig. S3 SERS response afndrostenone (Experiment Il) for different pH amgjeegaing environments. Blue lines are spectra with
analyte present (blank) and green spectra aream#lyte present. All graphs show arbitrary Ramattedng intensity vales
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Fig. $4 Intensities over time for the two analytes in a pH 3.0 / k; environment post CRGC addition. (A) skatole peak& cn?;
measurements at 20 s intervals (blue early toas).I(B) skatole peak intensity at 756 over time. (C) androstenone peal
947 cm®; measurements at 20 s intervals, (blue early tdatedl. (D) androstenone peak intensity at 94 over time
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Fig. S5 UV/VIS Spectra of the citrate-reduced gold colloid
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Fig. S6 Raman spectra of crystalline skatole. Recordedgusiaiser Optical RamanRnx1 microscope equippéd av68nm laser
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Fig. S7 Raman spectra of pure crystalline androstenoneored using a Kaiser Optical RamanRnx1 microscop@eed with a
768nm laser
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Fig. S8 Raman spectra of the fat sample extracts, witheagding agent, pH buffer and colloid applied



Table S1 Details of several models for prediction of analgteels in standard mixture, using different pre@ssing and variable selection methods.
Bold selections is the chosen models, see texterhadgMC is Mean Centering, S&#,c) is Savitzky-Golay Width, derivative order); IPLS(n) is
IPLS variable selection of window widthRMSECV units is inuM. Correlation coefficients stated is for the crostidated models. AtNone'
variable selection, all variables in included ie thodels

Skatole Androstenone
Preprocessing Varsel. #PC R RMSECV #PC R RMSECV
MC None 7 0,84 2,31 7 0,84 11,93
IPLS(29) 7 0,84 2,31 8 0,87 10,63
IPLS(21) 6 0,82 2,40 8 0,95 6,77
IPLS(15) 7 0,86 2,13 7 0,93 8,07
IPLS(7) 4 0,67 3,27 8 0,97 5,59
SNV+MC None 6 0,87 4,30 7 0,84 11,93
IPLS(29) 6 0,77 2,77 7 0,84 11,77
IPLS(21) 6 0,71 3,06 6 0,81 12,80
IPLS(15) 4 0,82 2,44 6 0,77 14,06
IPLS(7) 5 0,70 3,12 5 0,83 i12, 77
SG(15,1,2)+MC None 7 0,84 2,31 7 0,84 11,93
IPLS(29) 7 0,81 2,50 7 0,81 12,80
IPLS(21) 7 0,57 3,79 8 0,84 11,95
IPLS(15) 5 0,68 3,25 7 0,80 13,14
IPLS(7) 6 0,55 3,87 7 0,72 15,81
SG(15,2,2)+MC None 7 0,84 2,31 7 0,84 11,93
IPLS(29) 6 0,71 3,12 5 0,69 16,52
IPLS(21) 5 0,72 3,01 6 0,76 14,58
IPLS(15) 5 0,70 3,14 4 0,61 18,43
IPLS(7) 6 0,78 2,70 6 0,75 14,92
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