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Commercial fish oil products in NZ:
Raman spectroscopy to protect our image?
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Long chain omega-3 polyunsaturated fatty acids

Docosahexaenoic acid (DHA) 22:6n-3

* Long chain: 22 carbons

* Omega-3 Humans are very bad at biosynthesising these compounds
e Polyunsaturated Dietary sources are important
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Marine ecology: omega-3 origins
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Fish oll processing

Fishmeal Fish oil

- - .

B e ———1
1 Million tonnes p. a.
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Marine oil uses

Shepherd, C.J., and A. J. Jackson. “Global fishmeal and fish — oil supply: inputs, outputs and markets.” Journal of fish biology 83.4 (2013): 1046-1066

1960 1990 2010

Fi1G. 9. Comparison of world consumption of fish-oil by market segment (£4, hardened edible; B, industrial; [,
aquafeed; M, refined edible) for 1960, 1990 and 2010 (Note that fish-oil which has been ‘hardened’ by
hydrogenation consists of saturated fats and is solid at room temperature, hence suitable for making mar-
garine; by contrast, fish-oil used for direct human consumption is a refined liquid containing unsaturated

fats).
is) Plant & Food O
RESEARCH
RANGAHAU AHUMARA KAI éuﬁ:

The New Zealand Institute for Plant & Food Research Limited



Fish oil in the press
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THE GOLDEN SUPPLEMENT
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Can your fish oil cause you harm?
F Is H o I L » by Donna Chisholm /28 September, 2016
CAUSE YOU

Dramatic new research from Auckland scientists revealing the potential harm of
’ “off” fish oil is the latest in a string of bad news stories causing a multi-million
m dollar headache for the former golden child of the supplements industry.

Dramatic research
raises new questions
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ish oil quality: omega-3 content
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Summary of omega-3 results

Alberts et al. - 13% met specification
Nichols et al. - 100% met specification
Killeen et al. - 100% met specification
Bannenberg et al. - 91% met specification
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Fish oil quality: Oxidation

Liggins Institute paper - 2015
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Fish oil supplements in New Zealand are

highly oxidised and do not meet label
content of n-3 PUFA

Benjamin B. Albert', José G. B. Derraik', David Cameron-Smith!, Paul L. Hofman', Sergey Tumanov?,
Silas G. Villas-Boas?, Manohar L. Garg® & Wayne S. Cutfield'

'Liggins Institute, University of Auckland, Auckland, New Zealand, *Centre for Microbial | School of Biological Sci
University of Auckland, Auckland, New Zealand, *Nutraceuticals Research Group, University of Newcastle, Callaghan, New South
Wales, Australia.

We evaluated the quality and content of fish oil supplements in New Zealand. All encapsulated fish oil
supplements marketed in New Zealand were eligible for inclusion. Fatty acid content was measured by
gas chromatography. Peroxide values (PV) and anisidine values (AV) were measured, and total
oxidation values (Totox) calculated. Only 3 of 32 fish oil supplements contained quantities of
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) that were equal or higher than labelled
content, with most products tested (69%) containing <67%. The vast majority of supplements exceeded
recommended levels of oxidation markers. 83% products exceeded the recommended PV levels, 25%
exceeded AV thresholds, and 50% exceeded recommended Totox levels. Only 8% met the international
rec dations, not exceeding any of these indices. Almost all fish oil supplements available in the
New Zealand market contain concentrations of EPA and DHA considerably lower than claimed by
labels. Importantly, the majority of supplements tested exceeded the recommended indices of oxidative
markers. Surprisingly, best-before date, cost, country of origin, and exclusivity were all poor markers of
supplement quality.

GOED response paper - 2017
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Polyunsaturated Fatty Acid Content
and Oxidation State of Fish Oil
Supplements in New Zealand

Gerard Bannenberg()?, Craig Mallon(»?, Holly Edwards?, Derek Yeadon*, KevinYan®, Holly
Johnson® & Adam Ismail*

Forty-seven fish oil products available on the New Zealand market were analyzed for eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) content, as well as for oxidative status in a collaborative
effort by several analytical laboratories. Of the tested products, 72%, 86% and 77% complied with
voluntary industry-set maxi limits on Peroxide Value (PV), para-Anisidine Value (p-AV), and
TOTOX, respectively. 91% of the products complied with EPA/DHA content claims. All fish oils complied
with a p-AV limit of 30, 98% with a PV limit of 10 meq O,/kg, and 96% with a calculated TOTOX value of
50, which are less stringent limits used by the European and British Pharmacopeia and the Australian
authorities. The results are in stark contrast to the very low percentage of fish oil products reported
to be in compliance with primary oxidation limits and EPA/DHA content by a recently published

t of fish oil suppl. ts in New Zealand. Possible r for this discrepancy are evaluated
and discussed.
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Oxidation in fish oils

How oxidation happens

—— Omega-3 content Secondary oxidation
—— Peroxide values

Anisidi Primary oxidation products
—— p-Anisidine
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Primary oxidation

Secondary oxidation products
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Volatile and bad odour

. Plant & Food
Time RESEARCH O
RANGAHAU AHUMARA KAI éuﬁ:

The New Zealand Institute for Plant & Food Research Limited



Primary oxidation results: PV

Liggins Institute paper - 2015 GOED response paper - 2017
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Mishandled samples?

GOED response paper - 2017 Liggins institute paper - 2015
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Portable analytical tools

Near infrared spectroscopy Raman spectroscopy
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Raman spectroscopy of fish oil capsules
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Raman spectroscopy for classification (PCA)
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Quantitative Raman spectroscopy
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Raman spectroscopy for omega-3 quantitation

Table 1. Label Claim EPA and DHA Concentrations in Eleven Commercial Encapsulated @-3 Oil Supplements Plus
Determinations by GC—MS Analysis of Fatty Acid Methyl Esters and Noninvasive FT—Raman Spectroscopy of Encapsulated

Oils
GC—MS determination (% of total area, FT—Raman/PLSR prediction (% of total area, average
label claim (%) e of n =10 + SD)

sample EPA DHA EPA+DHA EPA DHA EPA DHA EPA+DHA
fish oil 1 14 9 23 14.2 8.9 16.1 + 12 75 £ 1.1 248 + 13
fish oil 2 18 12 30 17.9 9.5 16.0 + 1.0 10.1 + 1.0 27.7 £ 04
fish oil 3 18 12 30 18.3 10.0 18.1 + 09 10.5 + 0.8 305 +13
fish oil 4 18 12 30 18.8 10.2 18.1 + 0.6 110+ 1.0 271 £ 1.1
fish oil § 18 12 30 18.3 10.7 184 + 0.9 105 + 1.1 266 + 0.9
@-3 concentrate 1 16 31 47 20.9 32.7 236 + 10 31.8 + 0.8 54.1 + 0.5
@-3 concentrate 2 33 23 5SS 34.7 22.0 328 + 14 24.0 + 0.8 595 + 0.6
®-3 concentrate 3" 36 24 60 31.0 20.1
@-3 concentrate 3” 36 24 60 343 22.5 346 + 09 225 +£ 0.7 57.7 £ 0.6
@-3 concentrate 4 36 24 60 39.7 25.6 417 + 14 24.7 + 0.6 655 + 04
@-3 concentrate S 36 24 60 41.7 27.8 400 + 19 26.6 + 1.0 653 + 1.1
w-3 concentrate 6 39 19 58 45.4 242 448 + 0.8 252 + 1.1 69.7 + 0.2

“High in EEs and residual EEs in GC—MS. PResults from longer trans-methylation treatment; no EEs were detected in GC—MS.

Killeen, Marshall, Burgess, Gordon & Perry (2017). J. Agric. Food Chem., 65(17), 3551-3558.



Raman spectroscopy for in-capsule oxidation?
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Figure 5. Principal component analysis of Raman spectra of oxidized fish oil samples (see Table 3): (a) scores plot and (b) loadings plot for PC-2.
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Cost effective? In process? In factory?
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