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PCA - Raman data

Principle component analysis (PCA) was employed to compare the partial dog cake spectra to
model dog cakes (M1 to M4) and a commercially available dog biscuit (Tux) to help identify
its contents. The first two principle components (PCs) describe 68 % of the overall spectral
variance. In the scores plot (Fig. S1 (a)) each spectrum is represented by a single point,
samples with similar spectral signatures will cluster close together and samples with distinct
spectra will cluster far apart. This gives a visual guide to how similar or different spectra are
to one another and the associated loadings plots give insight into the spectral features leading
to separation in scores space.

PC1 separates the bone fragments (positive PC1) from the bulk cakes (negative PC1).
Inspection of the associated loadings (Fig. S1 (c)) shows that PC1 separates typical bone
signal (961, 1068, 1443 and 1669 cm™) (Morris & Mandair, 2011; Penel et al., 1998; Thomas
et al., 2007) from wheat flour signal (480, 866, 1127, 1337 and 1383 cm™) (Kizil et al.,
2002). The second PC separates the modern model samples (positive PC2) from the partial
dog cake samples (negative PC2). The associated loadings (Fig. S1 (c)) appear to separate
wheat flour and bone features observed in the dog cakes (positive PC2) from baseline
curvature and echeloning artefacts associated with the emissive nature of some samples that
was not fully removed during the baseline correction.

The third and fourth PCs yield insight into a further 23 % of spectral variance (Fig. S1
(b)). These PCs provide description of spectral variance more associated with the meat, bone
and shortening based spectral differences with the bulk portion of the partial dog cake and
model cakes sitting in neutral PC3 and PC4 space. PC3 describes spectral variance between
shortening (positive) and bioapatite (negative) based spectral features (Fig. S1(c)). Whilst the
fourth PC describes differences in signal between shortening and bone signals (positive PC4)
from the meat (negative PC4), Fig. S1 (b) and (c).



These data suggests the presence of bone fragments within the dog cake and a
composition more similar to the commercial Tux biscuits than the model dog cakes.
However, PC2 is a relatively large source of separation (23 % explained variance) and is
heavily influenced by the emissive nature of the samples which make interpretation less clear.
Infrared spectroscopy was also carried out to obtain complementary information that was less
sensitive to the emissive signal.
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Fig. S1. PCA from FT-Raman spectra collected from the partial dog cake along with model
and modern day dog biscuits. (a) Scores plot for PC1 versus PC2, (b) scores plot for PC3
versus PC4, and (c) the associated loadings and comparative spectra.

PCA — FTIR data

The spectra from the partial dog cake were compared using PCA to model dog cakes,
a commercial Tux biscuit and reference flour and grains (Fig. S2). The resulting analysis
primarily described sources of variation between starches/bulk partial dog cake matrix and
shortening based spectral features. More specifically positive PC1 loadings at 1076, 1043,
1016 and 1099 cm™ are associated with polysaccharides (Kizil et al., 2002; Wiercigroch et
al., 2017) and negative loadings at 1742 (C=0 ester stretching), 1466 (CH>, CHz bending),
1173 (CHa stretching, C-O bending) and 723 cm™ (CH, and HC=CH bending) are associated



with shortening (Guillen & Cabo, 1997). The differences between meat and shortening/bone
(Boskey & Camacho, 2007; Rey, Collins, Goehl, Dickson, & Glimcher, 1989; Yang,
Irudayaraj, & Paradkar, 2005) based spectral features are described by PC2 and differences
between meat (Hu, Zou, Huang, & Lu, 2017) and bone based spectral features are described
by PC3. As all the partial dog cake spectra cluster tightly amongst the model dog cakes and
flour samples the PCA was repeated with the shortening, meat and bone based spectra
excluded to better explore the variance in the bulk matrix of the partial dog cake and model
dog cakes.
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Fig. S2. PCA from FTIR spectra collected from the fragments of the Antarctic dog cake
along with model and modern day dog biscuits and reference flours/grains. (a) Scores plot for
PC1 versus PC2, (b) scores plot for PC1 versus PC3, and (c) the associated loadings and
comparative spectra.

PCA was repeated using the spectra collected only from the bulk matrix of each
sample and the reference flours and grains to try gain further insight into the differences
between the historical, model and modern day dog biscuits. Some grains and flours included
in this analysis, such as quinoa and tapioca, are not expected to have been readily available in
England at the time the partial dog cake was made. However they were included to capture
the possible variation in different flours and starches. The resulting scores plots (Fig. S3 (a)



and (b)) showed trends along PC1 with the majority of the reference flours and grains sitting
in positive PC1 scores space whereas the partial dog cake clustered in negative PC1 scores
space alongside wheat flour and rolled oats. The model dog cakes and commercial dog
biscuits remained fairly neutral in PC 1 scores space. Separation along PC1 is attributed to
the relative abundance of carbohydrate (Wiercigroch et al., 2017) content to protein (Kong &
Yu, 2007) content (Fig. S3 (c)).
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Fig. S3. PCA of the FTIR spectra collected from partial dog cake samples, model and
commercial dog cakes and a set of different flours and starches. (a) PC1 versus PC2 scores,
(b) PC1 versus PC3 scores and (c) the associated loadings and exemplar spectra.

The second PC separates the partial dog cake and the majority of reference flours and
grains from the model dog cakes containing shortening (M2 and M4), the Tux dog biscuit and
quinoa (Fig. S3 (a)). The model dog cakes without shortening remained in neutral PC 2
space. The separation is described by the positive features at 993, 571 and 527 cm™ which are
attributed to polysaccharides such as amylose and amylopectin in origin (Wiercigroch et al.,
2017). These polysaccharides make up the two major components in the starch portion of
wheat flour, with starch contributing to 65-70 % of the overall composition (D’ Appolonia &
Rayas-Duarte, 1994). The negative PC2 loadings features observed at 1745, 1464,



1173/1150, 1099 and 721 cm—* and are attributed to a lipidic origin (fats and oils) (Guillen &
Cabo, 1997).

The third PC is separating potato and tapioca flour (positive PC3) from rolled and
malted oats (negative PC3). Less separation is observed with the model dog cakes towards
positive PC3 space and the Tux dog biscuit and partial dog cake into negative PC3 space. The
stated ingredients for the commercially obtained Tux dog biscuit are: Cereals and/or cereal
by-products, meat and animal by-products and fats derived from beef and/or sheep and/or
poultry and/or goat and/or venison, natural flavour and/or vegetable oil, salt, vitamins and
minerals. This differs from the model dog cakes by the following parameters: Salt, possible
cereal and meat product type, vitamins and minerals. Salt will not be detected in this analysis
as it is used as IR windows and does not absorb light in the spectral window measured
("Sodium Chloride (NaCl)," 2020).

Inspection of the loadings shows that the strongest separating features are associated
with minor variation in the shape and position of the peaks predominantly observed in the
flour samples. Higher relative signals (that may be attributed to lipid or protein) are observed
in negative PC3 space whereas differences in the carbohydrate spectral features are
associated with negative and positive PC3 space (Fig. S3 (c)). The Tux dog biscuits are
clustering amongst the malted grain signals in PC1 versus PC3 scores space indicating malted
oats, barley or rye could be potential cereals used in this biscuit. In all three PCs the partial
dog cake samples cluster nearest the wheat flour and rolled oat samples (although not
intermingled), the position of the partial dog cake samples in PC space is consistent with
partial dog cake containing a mixture of these two cereal sources.

Determination of carbon, hydrogen, nitrogen and sulphur and micro-calorific analysis

The elemental analysis of the carbon, hydrogen and nitrogen percent content of the particles
of the partial dog cake designated matrix, bone and meat (Table 1) are consistent with those
reported for food waste (49.5, 6.3, 2.9 respectively carbon, hydrogen and nitrogen (Zhang et
al., 2013)) and meat and bone (42.8, 5.8, 8.9 respectively carbon, hydrogen and nitrogen
(Chaala & Roy, 2003)). It is not surprising the carbon content of particles from the partial dog
cake thought to be bone have a much lower carbon content of 19 % compared to the other
particles of 39.7 and 38.6 % for matrix and meat respectively, as bone has significant calcium
and therefore skews the proportion of carbon to a low content.



Table 1. Summary of the elemental analysis and heating values. Results are the average of
duplicates to <0.30%.

Sample  Carbon Hydrogen Nitrogen Sulphur  Gross heating Net heating

(%) (%) (%) (%) value value
(kJ/kg) (KJ/kg)

Matrix 39.7 6.2 2.4 <0.30 22561 21227
Bone 19.0 31 4.3 <0.30 10900 10245
Meat 38.6 5.9 2.9 <0.30 21734 20467
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