
‡ Isoleucine-proline-proline and leucine-proline-proline have the same m/z value and fragmentation patterns. Either or both of these peptides may be present in the samples.
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• All confirmed bioactive peptides were previously 
documented in foods and possess angiotensin-I 
converting enzyme (ACE) inhibitory activity 

• ACE inhibition lowers blood pressure

Discovery of bioactive peptides in fermented cucumbers by direct 
analysis IR-MALDESI mass spectrometry
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Introduction

Methods

Conclusions

Results

Compile internal database of food-derived bioactive peptides from the literature1
Prepare fermented and acidified cucumbers in triplicate2

Directly detect small molecules in 100μm thick cucumber slices3

Confirm matches by IR-MALDESI MS/MS (MS2) spectral analysis5

Objective: Use direct analysis infrared matrix-assisted laser desorption electrospray ionization 
(IR-MALDESI) mass spectrometry (MS) to identify peptides in fermented cucumbers

11 putative matches 
continued to MS2

Figure 2. MS1 imaging orientation of 
acidified and fermented cucumbers

Figure 3. Abundance (AU) heat map of lysine-
proline [M+H]+ adduct (m/z 244.1656) in 
acidified and fermented cucumbers

• Bioactive peptides were 
documented for the first time 
in a fermented vegetable

Table 3. Bioactive peptides and characteristic fragments confirmed by MS2 in fermented and acidified cucumbers4 bioactive peptides 
confirmed by MS2

Figure 4. Average MS2 spectra  of the putative match for isoleucine-proline-proline‡ at 326.2m/z ± 1Da with 140,000 nominal resolving power
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Foods fermented with lactic acid bacteria are 
known to contain health promoting 

compounds, including bioactive peptides
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Do fermented cucumbers 
contain bioactive peptides?

Isoleucine-proline-proline

Milk

Cucumbers

Yogurt

Anchovies Fish 
Sauce

Lysine-proline

Fermentation

Antihypertensive
Effects

Pickles

Bioactive peptides

Table 1. Equilibrated brine composition (mM)

Figure 1. Lactic acid and pH over time 

Component Fermented Acidified 
NaCl 684 684
CaCl2 12 12

Ca(OH)2 18 18
Acetic Acid 53 54
Lactic Acid 136* 109**

Sodium Benzoate - 8†

Internal 
database

[M+H]+
[M+Na]+  

[M+H-H2O]+

Converted 
to images

263 
bioactive 
peptides

663 m/z

Image Interpretation

IR-MALDESI MS2 Spectral Analysis

No distinction
No match

Gly-glu-phe
302.1347 m/z

Cucumber

Blank 
space

Fermented 
cucumber image

Fermented
Acidified

• Direct analysis IR-MALDESI effectively 
ionized peptides from a high salt matrix 
with minimal sample preparation

Peptide     
(collision energy)

Fragments identified (m/z (abundance))
Fermented Acidified

Ile/Leu-pro-pro‡

(19.5 eV)
70.065 (6500)        86.096 (2420)    116.071 (5930)    

183.149 (2930)     213.123 (43200)
70.065 (5450)      86.096 (1870)    116.071 (465) 
183.149 (1220)    213.123 (6040)

Lys-pro 
(24.4 eV)

70.065 (25000)     84.081 (66100)   86.096 (1410)    
116.071 (5080)     129.102 (1300)

70.065 (18700)    84.081 (23600)   86.096 (6460) 
116.071 (334)      129.102 (1730)

Arg-tyr
(27.1 eV)

70.065 (4760)      136.076 (1060)   175.119 (3390) 70.065 (4340)      136.076 (932)     175.119 (247)

Val-pro-pro
(18.7 eV)

70.065 (9740) 116.071 (1120)   169.133 (6150)   
213.123 (13600) 70.065 (276) 169.133 (146)     213.123 (147)

IR-MALDESI MS1 Imaging

d

Identify putative bioactive peptide matches by MS1 imaging4

2.5 cm
MS1 imaging heat map

IR-MALDESI laser ablation

Bokhart MT, Muddiman DC. 2016. Infrared matrix-assisted laser 
desorption electrospray ionization mass spectrometry imaging 
analysis of biospecimens. Analyst 141(18):5236-45.
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1000 MS1 scans

Lysine-proline
244.1656 m/z

Valine-proline-proline
312.1918 m/z

Arginine-tyrosine
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Leucine-proline-proline
326.2074 m/z
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• Four ACE inhibitory bioactive 
peptides were discovered in 
fermented cucumbers

Isoleucine-proline-proline
326.2074 m/z

Peptide m/z
ala-his 227.1139

gly-his-ser 300.1303
gly-gln-tyr 349.1507
ile-pro-pro 326.2075
leu-pro-pro 326.2075

lys-ala 218.1500
lys-pro 244.1656

pro-his-his 372.1779
arg-tyr 338.1823
thr-phe 289.1159

val-pro-pro 312.1918

Table 2. Putative peptides analyzed by MS2

*Generated during fermentation
**Added prior to incubation to mimic fermented acid content
†Added prior to incubation to prevent fermentation

Fermentation

Acidification

Raw 
cucumbers

Brine 
+ 6 week incubation (28°C)

MS 
Analysis

46oz jars

Bioactive peptides are 
short sequences of 

amino acids that 
produce health benefits 

when consumed
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