




Storage of  
Sea bream 
on ice and 
Sampling

Sample 
Preparation

•Extraction

•Derivatization

GC-MS

Sensory tests

Data pre-
processing

•MS-DIAL

•Amdis

•LOESS

Data 

processing

•Metaboanalyst

day of fish harvest

sampling points during storage on ice



• Fish filleting (AOAC 937.07)

• Snap freezing (liquid Ν2)

• Tissue grinding

• Pooled QC sample

• Storage at -80οC



Weighing

~ 50 mg

Addition of:

• 525 μL prechilled MeOH/H2O (2:0.625 v/v)

• 50 μL internal std (Glycine-d5, 0.2 mg/mL)

• 2 stainless steel balls 2 mm 

Quenching of  metabolic activity

Tissue disruption

Addition of  200 μL CHCl3
Vortex

Addition of  200 μL CHCl3

Addition of  200 μL H2O

Vortex
Centrifugation

Orbital shaker – 10 min 

Keep in ice

Extraction

C/M/W 1:2:0.8 (v/v/v)

C/M/W 2:2:0.8 (v/v/v) Phase separation

Transfer 100 μL 

of  the upper 

aqueous phase
Hydrophilic metabolites

Lyophilization

Add 40 μL methoxyamine

sol. (20 mg/mL in pyridine)

Shake at 30oC/90 min Shake at 37oC/30 min

Add 70 μL MSTFA

20 μL n-alkanes C8-C30

2-Step Derivatization process
✓ Methoxyamination

✓ Trimethylsilylation



Too many chromatograms 

with a lot peaks!!!

Not practically feasible to 

be processed one-by-one



The aim is to create a data matrix suitable for statistical analysis

Sample x Metabolite x Response

MANUALLY

Batch processed using 

dedicated SOFTWARE

(MS-DIAL)



http://prime.psc.riken.jp/compms/msdial/main.html











File for calculation of  

Retention Indices (RI)

Define a mass spectral 

library containing RIs

e.g. GOLM

AMDIS program

(http://chemdata.nist.gov/)



Specify the QC file here. 

All sample data will be aligned 

to this QC file

Criteria for peak alignment



Criteria for the removal of  

metabolites detected in blanks



Summary of  each biological class

Representative spectrum of  

one of  the aligned samples

Library spectrum

Library search results

Each spot represents the quant mass (m/z) of  

an aligned deconvoluted peak from all samples



The result can be changed by 

the compound search window



EIC: extracted ion chromatogram 

Chromatograms in an aligned spot

Table with all aligned spots



metabolites samples

peak height (or area)



MS-DIAL: data independent MS/MS deconvolution for comprehensive metabolome analysis. Nature Methods , 12, 523-526, 2015

after

before



Class label Storage Day

0 1

1 3

2 5

3 7

4 9

5 11

6 13

7 15

8 17

9 19

Class label Freshness Grades

0 Extra

1 A

2 B

3 Unacceptable

1st Dataset

2nd Dataset



Normalized response of  each metabolite

Column = Variable = Metabolite

Class label = sampling sequence



MetaboAnalyst
http://www.metaboanalyst.ca

A comprehensive web server designed to process & 

analyze LC-MS, GC-MS or NMR-based metabolomic data

select



Choose the curated dataset after appropriate formatting

Details are given at the website



Samples = rows

Compounds = columns 

Three types of  normalization: row-wise normalization, 

column-wise normalization and combined 

normalization

Row-wise normalization aims to make each sample 

(row) comparable to each other 

Column-wise normalization aims to make each 

variable (column) comparable in scale to each other, 

thereby generating a “normal” distribution

This procedure is useful when variables are of  very 

different orders of  magnitude

Carried out manually







Storage periodFRESH SPOILED

Sampling points

(equivalent to 

storage day)



Click this spot and the Succinic 

acid 2TMS graph pops up

Click this to view

the table

Sampling sequence

0: fresh

9: spoiled



Click this to see

the gluconic acid graphs



Compounds with an increasing trend during storage

Gluconic acid Glyceric acid Ribose Galactose Ethanolamine

Inosine Leucine Valine Phenylalanine Tyrosine



Compounds with a declining trend during storage

Ribulose 5-phosphate Sugar phosphate_2381 Glycerol 3-phosphate Succinic acid

Fumaric acid Malic acid Lactic acid α-Aminobutyric acid Creatinine

Arabinose-5-phosphate





Increasing storage period

Strong linear positive correlation 

Increase during storage

Strong linear negative correlation 

Decrease during storage



Sensorial quality levels 

(EC 2406/96)

0: Extra

1: A

2: B

3: Not acceptable



PLS-DA: important compounds

0: Extra

1: A

2: B

3: Not acceptable

Sensorial quality levels 

(EC 2406/96)

The colored boxes indicate the normalized 

response of  the corresponding metabolite 

in each group 



Sensorial quality levels 

(EC 2406/96)

0: Extra

1: A

2: B

3: Not acceptable

Fish Spoilage
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