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Importance of food quality regulation

Food quality and food safety are extremely impdrtapics in politics, economy, science and techgplo
as well as for daily life 23, Technically, food regulation challenges analytgmaence in terms of
sensitivity, specificity and high throughput. Tedbr food analysis are highly desirable to be madly

invasive, capable of online operation, and shoalgse no contamination by toxic compounds.

World meat production has more than quadrupletienp@ast half-century to some 220 million tons
annually (US Department of Agriculture, World Matrkand Trends 1998). Meat has long formed an
important part of the European diet, providing ghhjuality source for European consumers™ protein
requirements. The EU consumes roughly 35 milliorsteach year of various meat types, amounting to
around 92 kilograms per capita per year on averHge EU produces 16% of the meat consumed
worldwide (Agriculture in the European Union — $#atal and economic information 2003, available at
http://ec.europa.eu/agriculture/publi/fact/meat/@.pdf). However, spoiled meat is often founthia
markets. For example, in Germany, up to 50 torspofled meat were distributed by a company in
Munich in the summer of 2006. The date of expirg\i@und to be more than 4 years ago. Shortly
thereafter, similar findings were made in otherrtaoes. The amount of spoiled meat already distefu

added up to more than 100 tomsvw.wikipedia.de.

The European Union's food policy is built arounghhiood safety standards, which serve to protext, a
promote, the health of the consumer. The produ@mhconsumption of food is central to any society,
and has economic, social and, in many cases, emental consequences. Food quality is directlyglthk
to foodborne diseases, which have a huge impabtioran society. The recent food scandals in the U.S.
concerning E. coli contaminated vegetables, ar@amrmany concerning rotten meat (only two of over
200 examples of food borne problems in one yearh#p://web.worldbank.org), demonstrate that

current measures to monitor and to guarantee faatitg for consumers are still not sufficient. Tlaege



amount of meat consumed annually, approximatelgnB@n tons in the U.S., 45 million tons in Europe
and 220 million tons worldwide (source: Economis®&ach Service / USDA, FAO World agriculture:
towards 2015/2030), however, shows the difficultyhis task. The US Center for Disease Control and
Prevention (CDC) estimates that 76 million peopiées foodborne illnesses each year in the United
States, accounting for 325,000 hospitalizationsrance than 5,000 deaths
(http://www.niaid.nih.gov/factsheets/foodbornedisih Foodborne diseases are also very costly. kealt
experts estimate that the yearly cost of all fosdbaliseases in the US is 5 to 6 billion dollardinect
medical expenses and loss of productivity. Thus, itasonable to guess that the situation abaoual fo
guality and foodborne diseases in developing cemghould be ever worse than that in developed

countries such as USA and Germany.

Besides meat products, vegetables are also impaot&imman society. For example, the E. coli owtkre
caused huge financial losses in the US. For exgmpleptember 2006, there was an outbreak of food-
borne illness caused by Escherichia coli (E. dmigteria found in uncooked spinach in 26 U.S. state
(http://en.wikipedia.org/wiki/List_of United_Statdsodborne_illness_outbreaks),(http://www.fda.gov/o
c/opacom/hottopics/spinach.html). As of OctoberZiI)6, 199 people had been infected, includingehr
people who died and 31 who suffered a type of kidagure called hemolytic uremic syndrome after
eating spinach contaminated with the E. coli O157 :&lpotentially deadly bacterium that causes blood
diarrhea and dehydration. In 2005, the spinach crdfalifornia was valued at $258.3 million, andlea
acre lost amounts to a roughly $3,500 loss forfdlhmer. According tdNew York Times, 5,000 deaths,
325,000 hospitalizations and 76 million illnesses @used by food poisoning within the US every yea

(http://query.nytimes.com/gst/fullpage.html?sec=tiales=9900E3D8123DF93BA25750C0A9679C8B

63).

Obviously, it is not a good solution to urge peapdé to eat all spinatd ?® and other vegetables.

Therefore, it is urgent to develop a practical ament method to monitor the food quality.



Tandem MS and specificity

For tandem MS studies, parent ions were isolatéld ivmass/charge unit width and collision-induced
dissociation (CID) was performed with 10-25 unitallision energy. For example, the compound ef th
highest intensity (m/z 122) in the mass spectruiguifé 3 a) is tentatively interpreted as protonated
C3H7O.NS (MW 121), which loses CHo yield m/z 107, CO to yield m/z 94, and £O yield m/z 88 as
major fragments (Figure S2). However, it could b@fprotonated cysteine, because the protonated
cystein loses water first to generate a fragmem/af103. This fragment (m/z 103) was not obseraed
the MS/MS spectrum using the precursor ions of 122 The second most abundant peak (m/z 88) is

assigned to protonatedyON (MW 87), which loses water in MS/MS
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Figure S2 Tandem mass spectra of compounds of interest

(Figure S2) to yield ions of m/z 70 or alternatividlses CHCO to give a fragment of m/z 46. Peak at
m/z 116 (Figure 3 b) was tentatively identifiedpastonated 4-amino-2-hydroxycyclopentanone (MW
115) since it loses NHo yield a small peak at m/z 99 while it loses ©@ive a big peak at m/z 88,
which further loses water to give a major peak & n0 (Figure S2). Interestingly, the peak at B¥as
quite strong in the 2-day (8.260°), 1-day (1.6610°) exposed fish samples while it was not detectable

fresh fish (Figure 3 a). This peak could be proted&CN-NHCH (MW 56), however, it only yielded a



small peak of m/z 40 (by the loss of jJtand m/z 30 (by the loss of HCN) and no otherificant
fragments in MS/MS in our instrument (Figure S2¢cArding to our literature survey, it has so far no
been reported in spoiled fish. Theoretically, teaks detected can be identified by using accuragsm
measurement and comparison with tandem mass degéeofnce compounds. However, it is beyond the

scope of this communication to identify all the quoands.

Differentiation of frozen meat samples

For food analysis, EESI-MS provides the desiredaittaristics, i.e., no requirement for any sample
preparation, fast acquisition times and high seisit The ability to detect quality degradationan
variety of food samples is demonstrated, evenerfritzen state. Implementing this technique on a
commercial electrospray mass spectrometer doegqoire any hardware modifications, thus providing

a good example for food industry for products omlmonitoring.

Real time online monitoring of frozen meat

A single mass scan can be completed in a few etdtiads with most commercial mass spectrometers. It
is demonstrated that a single sample analysis eaoimpleted in 1-2 s in a real time, online fasHieig.
S3). This provides a high throughput mass spectimeraetection of multiple trace components present
in biological samples with complex matrices. Takattyantage of sampling biological samples, even
living objects, at ambient pressure, this methanyioles real-world analytical capabilities for high

throughput real-time analysis of biological sampteg vo.

Food analysis requires high throughput and onkasibility. Therefore, it is highly desirable tdasish

a convenient method for real time online monitorfigood degradation process, especially when the



metabolic dynamics are of particular interest. &grating complex matrices, desorption EESI-MS
provides a practical way for real time monitorirfgsolid surfaces because it tolerates complex oesri
such as frozen meat without sample preparationatrixclean-up. Total ion current (TIC) traces atk
component present in the frozen fish sample aneseptatively shown in Figure S2 for measuremeits o
multiple samples (each measurement is distinguiblyadifferent file names, such as Fish_1 04, etc;
each individual sample was represented by a spea& of TIC in different files.). It is clear froRigure

S3 that TIC traces of components in the fish maeatwromptly recorded in the desorption EESI-QTOF-
MS experiments in different measurements, providingxample of real time monitoring of the solid

sample surfaces and showing a promising prospeatidesorption EESI-MS for online monitoring of

meat quality.
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Figure S3. Thetotal ion current traces of each component present in the frozen fish sample

obtained in different measurements using water/acetic acid as electr ospraying solution.



Sensitivity and analysis speed

The detection limit was evaluated using severadrofresh meat samples spiked with histamine or
cadaverine. A detection limit of 1 pg/éif8/N=73) was found when 10 pL of a 100 ppt sohutid
cadaverine was deposited on the frozen meat suiddoem a ca. 1cmspot. When it was spiked into a
homogeneous meat loaf of beef or pork, the deteditimt was found to be 0.1% (w/w) (S/N=7.2). For
histamine, the detection limit was found to be g@rif (S/N=3) on the surface of frozen turkey and to be

0.03% (w/w) (S/N=8) in meat loaf.

Analysis speed in mass spectrometry is typicalty, fdata are generated within milliseconds. EESI-
QTOF-MS is no exception. The aerosol transport mesd about 1-2 seconds to pass the 120 cm long
tube in our case. However, the long flexible aerasmsfer line allows remote sampling, which is
convenient in practical industrial process monitgrapplications. Generally, desorption EESI-MS
generates data within 1-2 seconds, and it candterfd the aerosol transport is accelerated. Qisho

this technique is much faster and more convenkert traditional methods which require sample thgwin

extraction and separation before sample analysis.



Table S1. Signal intensities from different skin areas

Signal Head Abdomen Foot

(m/z)

1812 5.4x10° 74 51
186° 78 8 1.6x10?
282 2.2x10°  2.1x10°  1.54x10*
475 9.43x10° 1.08x10* 1.47x10°
538 4.06x10° 2.11x10* 4.04x10*
549 6.02x10° 1.01x10* 9.46x10°

[a] identified as protonated glucose by MS/S using reference compound; [b] tentatively identified
by MS/MS as protonated serine phosphate. All the data are average values of 10

measurements.



Table S2 M S/M S data of identified molecular markersdetected in fish meat sample at different

stages of spoilage.

Molecular markers Molecular Number of
weight®  days for

samples
exposure to
room
temperature
trimethylamine’ 59 0
dimethylaminé 45 0
dimethylacetylamine 73 0
b
N-methylpyrolidine 117 0
b
C3H;0,NS°¢ 121 0
C4HgON °© 87 0
CoHaN; € 56 1,2
putrescing 88 1,2
cadaverin® 102 1,2
histamine” 111 0,1,2
CoHsgN, © 60 0,1
CsHgNO; © 115 1,2
tyramine” 137 2
spermidiné 145 2
tryptamine® 160 2
sperminé 202 2
Pentanethidl 104 2

a: All compounds are detected as protonated mascnlEESI-MS.
b: Compounds identified with reference compoundisgus1S/MS.
c: Compounds tentatively identified from EESI-M8daVS/MS data without confirmation by reference

compounds.
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