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Abstract: The hydrolysis of raw food sources by commercially available food-grade enzymes releases 
thousands of peptides. The full characterization of bioactive hydrolysates requires robust methods to 
identify and quantify key peptides in these food sources. For this purpose, the absolute quantification 
of specific peptides, part of a complex peptide network, is necessary. Protein quantification with 
synthetic tryptic peptides as internal standards is a well-known approach, yet the quantification of 
non-tryptic peptides contained in food hydrolysates is still largely unaddressed. Similarly, data 
analyses focus on proteomics applications, thus adding challenges to the study of specific peptides 
of interest. This paper presents an in-sample calibration curve methodology for the identification of 
3 non-tryptic peptides present in a Vicia faba food hydrolysate (PeptiStrong™) using heavy synthetic 
peptides as both calibrants and internal standards. 
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1. Introduction 
Plant-based peptides are sequences of 2-30 amino acids and exist either naturally in plant sources 

or they are released from endogenous parent proteins during hydrolysis [1,2]. Endogenous peptides 
in plants were shown to inhibit insect feeding, play an important part in the overall defense response, 
and control cell division and reproduction mechanisms [3]. The bioactivity of plant-based peptides 
is inert and can be released through fermentation or hydrolysis by the proteolytic action of enzymes 
in food processing strategies. The exact composition of the food hydrolysate depends on the 
composition of the raw food source, its geographical origin, growth season, storage conditions, etc. 
Hydrolysis takes place in large bioreactors and comprises of the following steps: extraction of food-
protein and subsequent solubilization, enzyme addition, hydrolysis, inactivation of hydrolyzing 
enzymes, and the characterization of the final separated biopeptides or hydrolysate. The core of the 
process is enzymatic hydrolysis, which needs fine-tuning through the adjustment of the 
environmental conditions in the bioreactor, such as pH and temperature [4,5]. It is well-accepted that 
biopeptides with low molecular weight are more bioactive than the ones with high molecular weight 
[6,7]. Once the peptides are released, they can exert their beneficial bioactivities. A wide range of 
health benefits has been reported for plant peptides, such as antioxidant [8,9], anticarcinogenic 
[10,11], antimicrobial, antihypertensive, immunomodulatory [9,12], and cognitive function [13,14]. 
These bioactivities are significantly affected by the amino acid sequence of the peptides and their 
molecular weight, among other properties [6]. Namely, plant-based peptides with antioxidant 
activities have been reported, and these are generally short-chain peptides made of 4-16 amino acids, 
with low molecular weight in the range 0.4-2 kDa [6]. The peptides with anticancer activity modulate 
various biological mechanisms such as cell adhesion and topoisomerase inhibition, destruction of 
membranes in carcinogenic cells and inhibit intracellular signaling of cancer cells. Finally, the 
immunomodulatory effect of some low molecular weight (< 1000 Da) peptides is exhibited through 
the activation of macrophages, and the increasing number of leukocytes [1].  

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 February 2025 doi:10.20944/preprints202502.2055.v1

©  2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202502.2055.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 16 

 

The structural integrity of bioactive peptides must be conserved to exhibit the above 
physiological bioactivities, before they reach their site of action, thus, the peptides must be resistant 
to the degradation by gastrointestinal and serum peptidases. The bioavailability of peptides in blood 
depends on structural properties such as charge, hydrophobicity and hydrodynamic volume [15]. 
The challenges in measuring the bioavailability of bioactive peptides when administered orally 
include their low concentration in complex food matrices and physiological samples (e.g. serum) and 
their susceptibility to enzymatic degradation [16]. The stability of biopeptides and the effect of 
gastrointestinal environments is a complex subject. The latter is a major factor that determines the 
bioavailability of peptides, and more studies are needed to identify whether such peptides are more 
stable within a protein hydrolysate network due to peptide-peptide interactions rather than their 
isolated form, thus, protein hydrolysates may be preferred over isolated peptides. The 
gastrointestinal degradation products of biopeptides may promote the bioactivity of intact peptides 
[17], whereas different food matrix components can hinder their absorption, in addition to various 
intestinal dietary conditions [18,19]. The first assessment of stability of biopeptides within a food 
matrix takes place with clinical trials but due to ethical or financial reasons of the latter, other in vivo 
models (e.g., simulated gastrointestinal models) serve as alternative approaches [20]. Their 
bioavailability depends on the stability, following gastrointestinal digestion, the release from the food 
matrix, and the absorption through epithelial cells. Cell lines, such as the Caco-2 monolayer, are 
employed as a tool for mimicking the in vivo absorption, but current approaches include the use of 
ex-vivo models such as the Ussing chamber [21]. Nevertheless, tissue-based models are the first 
approach [22].  

Although the absorption of di and tri-peptides across the apical membrane has been shown 
previously, little is known about the transport mechanism through the basolateral compartment [23]. 
The efflux of previously surviving peptides through the basolateral compartment and into the hepatic 
portal system is low, and even when low, they are hydrolyzed by serum and endothelial tissue 
peptidases, thus the majority of peptides is difficult to detect and quantify [23,24]. The challenges for 
the absorption of peptides include the diffusion through the tight junctions of paracellular pathways 
and through enterocytes, and their subsequent digestion by a range of peptidases such as cytosolic 
enzymes and phagolysosomes in the apical membrane [23,25], although tripeptides were reported to 
be absorbed intact in the past [26]. The uptake of tetrapeptides or larger peptides from the small 
intestine is even more challenging with conflicting views [27]. Finally, the knowledge of peptide 
plasma concentrations and their kinetics mechanism for the proper assessment of peptide bioactivity 
in humans is required, where absorption evidence is lacking. The quantification of biopeptides in 
complex food matrices is necessary, prior to any assessment of stability, bioavailability and 
absorption studies. For a hydrolysate to exhibit the same level of bioactivity from batch to batch, or 
to assure the same quality of hydrolysis, it is important to quantify these key peptides in each batch. 
The reproducibility from batch-batch is rarely reported [28]. Some of the released peptides are 
predicted, through artificial intelligence (AI), to have biological activity which is then confirmed with 
bioassays [29]. 

The traditional quantification approach assumes the calibration curve generated using blank 
matrix, that does not contain peptides of interest, and spiking it with synthetic peptides and their 
versions labelled with heavy amino acids [30]. However, the challenge for food hydrolysates is that 
the peptides of interest in the hydrolysate are surrounded by thousands of other peptides, undigested 
proteins, carbohydrates, fats and small molecules [31]. On the other hand, different matrices interfere 
differently with peptides of interest, affecting their ion suppression, sample recovery and 
consequently the signal intensity which ultimately affects the quantification of each peptide [32]. 
Thus, construction of calibration curve in matrix different than hydrolysate of interest is not an 
appropriate approach. 

Peptidomics uses and adapts techniques and methods from proteomics [30]. While some can be 
applied directly, this is not always the case. The main point of difference between approaches 
dedicated to protein quantification is the selection of peptides for quantification [33]. While for 
proteomics quantification analysis the analyst selects the best tryptic peptide from many released 
from one protein, for peptidomics quantification the exact peptide of interest is necessary for analysis. 
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Furthermore, proteomics approaches utilize tryptic peptides that carry mainly +2 charge or more, 
allowing for detection of all fragment ions while large portion of peptides in food hydrolysate carries 
only +1 charge which complicates both identification and quantification [34,35].  

The relative quantification of peptides in clinical settings for biomarker discovery was 
previously reported [36]. However, the peptide-centric absolute quantification of peptides from 
plant-based food hydrolysates remains poorly studied. Some of the existing methods, such as 1-point 
calibration curves and multiple reaction monitoring (MRM) methods are not suitable for our purpose 
[37,38]. Whereas the use of reversed internal curves and of targeted parallel reaction monitoring 
(PRM) methods have elements that help solve the problem of absolute quantification of peptides in 
food hydrolysates [39,40]. 

Although theoretically straightforward, peptide quantification has its challenges, such as 
selection of precursor ion with all y and b ions, side chain modifications and protonation of fragment 
ions [41]. Direct infusion of each peptide into the mass spectrometer can be used to account for many 
of these issues, such as confirming a precursor mass as well as running high concentration of peptides 
to give the best possible MS/MS fragment ions.  

To that end, the aim of this project is to adapt methods from proteomics and develop an absolute 
quantification method for peptides by using in-sample calibration curve on a Q Exactive instrument. 

2. Materials and Methods 
We developed a method to quantify three peptides within a hydrolysate (PeptiStrong™) with 

the precise addition of C13 labelled, synthetic versions of these same peptides using previously 
characterized proprietary V. faba PeptiStrong™ [29]. The latter was manufactured from fava bean 
food material (V. faba) and supplied from our Ingredients laboratory. This hydrolysate was 
previously characterized in Cal et al. (2020) and in Corrochano et al. (2021) [29,42]. 

Figure 1 outlines the main experimental steps of this work to perform the absolute quantification 
of peptides of interest in PeptiStrong™. Details about materials and methods are available in the 
Supplementary Information. 

We selected 3 peptides for quantification based on their intrinsic properties, with the following 
amino acid sequences: HLPSYSPSP, HLPSYSPSPQ, and TIKIPAGT. All three peptides were 
previously identified via mass spectrometry. The bioactivity of HLPSYSPSPQ and TIKIPAGT for 
protein synthesis increase and TNF-alpha reduction was previously predicted and validated [29]. 
HLPSYSPSP and HLPSYSPSPQ were added together due to their sequence similarity. Heavy labelled 
peptides were synthesized (GenScript, NJ, USA) for each peptide of interest (See Table 1). One residue 
per peptide was selected to be a heavy amino acid. Different residues for HLPSYSPSP and 
HLPSYSPSPQ were chosen to avoid overlap of MS2 fragments.   
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Figure 1. Outline of the preparation and analysis of internal calibration curves to quantify a peptide of interest 
in a food protein hydrolysate. 

Table 1. Peptide sequences (using the proforma v2 format) and their molecular weight values used in this 
work. 

Peptide of interest Spiked internal standard 

Peptide Sequence Molecular 
Weight (Da) 

Peptide Sequence Molecular 
Weight (Da) 

HLPSYSPSP 984.4785 HLPSYSPSP[Label:13C(5)15N(1)] 990.4923 
HLPSYSPSPQ 1112.5371 HLP[Label:13C(5)15N(1)]SYSPSPQ 1118.5509 

TIKIPAGT 800.4876 TI[Label:13C(6)15N(2)]KIPAGT 808.4876 

2.1. Sample Preparation 
Hydrolysate powder PeptiStrong™  (0.2 g) was dissolved in water (4 mL), and the solution was 

vortexed for 30 seconds. The solution was centrifuged at 4000 rpm for 20 minutes at 4 °C and filtered 
through a 0.2 µm filter. The protein/peptide content of the filtrate was determined using a 
Bicinchoninic acid assay (BCA) (see Supplementary Material). 

Volumes from the stock solution of the hydrolysate were normalised to 1000 µg of 
protein/peptide and added to low-binding Eppendorf tubes. The samples were evaporated to 
dryness in a rotary vacuum evaporator (Concentrator Plus, Eppendorf, UK). Dried samples were 
resolubilized in 1000 µL of LC-MS grade solution of 0.1% w/w formic acid in water. Heavy-labelled 
peptides, TIK[+8]IPAGT, HLP[+6]SYSPSPQ, and HLPSYSPSP[+6], were solubilized in LC-MS grade 
water at 1 mg/mL according to the net weight declared by the manufacturer. 
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2.2. Preparation of Broad and Refined Internal Calibration Curves 
Two sets of calibration curves were prepared for this work. The first set of broad calibration 

curves for each peptide of interest, was prepared using the same concentrations of each heavy 
peptidoforms, covering a broad range of values. The second set of calibration curves was a refinement 
of the broad calibration curves. Following the peptide quantification with the broad calibration 
curves, a refined calibration curve was constructed for each peptide, using the assessed 
concentrations of the light peptidoform as the mid-point (Figure 2A). The hydrolysate sample (250 
ug) was spiked with various concentrations of heavy peptides to a final volume of 1 mL for the 
construction of both types of calibration curves. Namely, 1 mL solution of 0.1% v/v formic acid 
contained 250 µg of PeptiStrong™ hydrolysate and the corresponding concentrations of heavy 
peptidoforms outlined in Supplemental Table S1 and Supplemental Table S2. 

Following the spiking of the hydrolysate, the solutions (1 mL) were processed through solid 
phase extraction (Supplementary Information) and evaporated to dryness. The samples were 
resuspended in 21 uL of Pierce Retention Time Calibration Mix (PRTC) in 0.1% formic acid in water, 
centrifuged for 5 minutes at 15000 rpm, and transferred to LC-MS vials, for analysis via mass 
spectrometry. 

 
Figure 2. (A) Building peptide-specific internal calibration curves (refined) from generic calibration curves 
(broad); (B) Illustration of the observable retention time shift caused by the difference of hydrophobicity between 
isoleucine and leucine. 

2.3. Parallel Reaction Monitoring Mass Spectrometry Method and Inclusion List 
Samples were analysed in triplicate by nano LC-MS/MS Dionex UltiMate 3000 coupled to a 

ThermoFisher Q Exactive™ in positive polarity mode. A trapping column was utilized for loading 
peptides which were subsequently eluted over a 25 cm analytical column PepMap RSLC C18 with a 
70 min gradient at a flow rate of 300 nL/min. The gradient started with 95% mobile phase A (99.9% 
LC/MS grade water with 0.1% LC/MS grade formic acid) and 5% mobile phase B (99.9% LC/MS grade 
acetonitrile with 0.1% LC/MS grade formic acid) for 2 min, increased to 20% mobile phase B over 48 
min and up to 75% mobile phase B for an additional 20 min. This gradient was held constant for 10 
min followed by a 13 min re-equilibration step at a flow rate of 350 nL/min and a 2 min pressure re-
equilibration step at a flow rate of 300 nL/min.  

The mass spectrometer was operated in full MS and Parallel Reaction Monitoring (PRM) modes. 
The full MS method was performed in the Orbitrap at 17,500 FWHM at the PRM method was 
performed at 35,000 FWHM resolution utilizing an inclusion list built from the selected peptides and 
their heavy peptidoforms. Each sample was injected 3 times. 

2.4. Peak Integration 
The peak selection and integration in mass spectrometry raw files was done with Skyline 

(MacCoss Lab Software; Version 22.2.0.312) [43,44]. The peptides of interest, previously identified 
from a Data Dependent Acquistion (DDA) run using PEAKS (Bioinformatics Solution Inc.; Version 
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1.5) [45], were used as spectral library. Other b and y ions were added to the Skyline integration to 
identify fragments that were not found in the DDA run. The peptide sequences were modified to 
include heavy proline and heavy lysine at their respective positions. Skyline was set to search for 
heavy isotope label types and to use the light peptide as internal standard. Manual inspection of the 
peaks was performed to confirm and correct the retention time, peak integration time and selected 
transitions for quantification for each peptide. Data was then exported to CSV files from Skyline for 
downstream analysis. 

2.5. Peptide Sequence Validation 
The selected peptides were identified using open database searches from DDA experiments [46]. 

All 3 peptides contain leucine or isoleucine residues; thus, the exact sequence of these peptides might 
be incorrect due to the similar mass of these 2 amino acids. During the previous step of peak 
integration, we screened the retention time shifts between light and heavy peptides. If required, 
additional PRM runs were performed using synthetic light and heavy peptides in water. The analysis 
of the Extracted Ion Chromatogram (XIC) of these runs was used to test the hypothesis that the 
retention time shift observed in the MS runs of the spiked hydrolysate could be explained by the 
difference in hydrophobicity between amino acids leucine and isoleucine. 

2.6. Linear Regression and Peptide Quantification 
A linear regression fit was applied for each peptide by using the corresponding ratio of heavy 

and light to the on-column concentration of spiked heavy peptides on the x-axis. The concentration 
of each peptide of interest was calculated with inverse estimation of a ratio, with 1 representing the 
equal quantity of heavy and light peptides. 

The limit of quantification was determined for the broad calibration curve by performing a 
segmentation analysis of the linear regression model using the segmented R package [47,48]. The 
breaking point between the two resulting linear regressions represents the point between the linear 
response and the noise. Segmentation analysis was not possible for the refined calibration curve. 
Thus, the limit of quantification was determined by using 10 times the slope of the calibration curve 
divided by the standard deviation of the peak area ratio at the y-intercept. 

3. Results 
3.1. Validation of Peptide Sequence Using Synthetic Heavy Peptides 

Peptide TIKIPAGT/TIKLPAGT from V. faba [29] was previously characterized by other DDA 
experiments. We assumed the peptidoform with isoleucine was the correct sequence. Figure 3A-C 
show the XIC of the corresponding light endogenous peptide and its spiked, heavy-labelled 
counterpart in hydrolysate PeptiStrong™. Figure 3A-B show the identical retention time between 
peptides HLPSYSPSP and HLPSYSPSPQ with their spiked, heavy-labelled counterparts, whereas the 
retention time for peptide TIKIPAGT and its spiked heavy-labelled counterpart does not match in 
the XIC profiles, although both peptide sequences were confirmed at the MS2 level (Supplemental 
Figure S2). 
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Figure 3. Peptide sequence validation. (A) Extracted ion chromatogram (XIC) of peptide HLPSYSPSP (blue line) 
and its spiked heavy-labelled peptide (red line) at three different concentrations (0.003125-0.0125 µg/mL, red 
line) in food hydrolysate PeptiStrong™; (B) XIC of peptide HLPSYSPSPQ (blue line) and its spiked heavy-
labelled peptide (red line) at three different concentrations (0.00125-0.0125 µg/mL, red line) in food hydrolysate 
PeptiStrong™; (C) XIC of peptide TIKIPAGT (blue line) and its spiked heavy-labelled peptide (red line) at three 
different concentrations (0.002-0.05 µg/mL, red line) in  food hydrolysate PeptiStrong™. 

We performed an experiment using synthetic peptides of both light and heavy TIKIPAGT 
peptides with synthetic light TIKLPAGT. Figure 4A-C represents different conditions of an 
experiment with different combinations of light and heavy peptidoforms in water using the same 
analytical parameters as for the absolute quantification method. Figure 4A shows the difference in 
retention time between TIKIPAGT and TIKLPAGT. The peak of the endogenous peptide does not 
match with the peak of the heavy version of peptide TIKIPAGT as it is the isoform of leucine 
(TIKLPAGT). Thus, after this point, we refer to this peptide using this corrected sequence. We 
identified TIKIPAGT with confidence as the first peak at 22.3 min and TIKLPAGT as the second peak 
at 24.2 min. 
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Figure 4. Mass spectrometry resolves the sequence of isoleucine-leucine isoforms using a heavy labelled peptide. 
(A) XIC (m/z tolerance = 0.1) analysis for synthetic peptides TIKIPAGT (24.2 min) and TIKLPAGT (22.3 min) 
with two different peaks for m/z 800.48 at different retention times; (B) Comparison of XIC for light synthetic 
TIKIPAGT and heavy-labelled TIKIPAGT peptides show two peaks for m/z 800.48 and 808.50, respectively, with 
the same retention time; (C) Comparison of heavy-labelled TIKIPAGT and synthetic TIKLPAGT peptides shows 
peaks for m/z 800.48 and 808.50, respectively, at different retention times. The retention times were consistent 
for each isoform across conditions. 

3.2. Estimation of Concentration for Multiple Peptides with Broad Internal Calibration Curves 
In a reversed, in-sample calibration curve with heavy labelled peptidoforms, the signal of the 

quantified (light) peptide is constant, while the signal for the heavy peptidoform varies based on its 
increasing concentration (Figure 3). Figure 5 shows that the linear relationship between concentration 
and signal lies within a concentration range for the heavy-labelled peptide. There is a wide range of 
concentrations applied for the construction of a broad calibration curve, thus many points fall outside 
the limit of linearity. We used a segmentation analysis on a linear regression model between the 
concentration and peak area of the heavy peptide to find the breaking point between noise and the 
linear part of the calibration curve (Figure 5). The linear curve for heavy-labelled peptide 
HLPSYSPSP[+6] (Figure 5B) displays the lowest LOQ value, 0.00079 µg/mL, compared to 0.0031 and 
0.002 µg/mL for heavy-labelled peptides HLP[+6]SYSPSPQ and TIK[+6]IPAGT, respectively.   
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Figure 5. The peak area of the heavy peptide (A) HLPSYSPSP[+6], (B) HLP[+6]SYSPSPQ, and (C) TIK[+8]IPAGT  
is plotted against its concentration in PeptiStrong™ hydrolysate matrix. The linear regression is segmented to 
separate the linear part of the calibration curve versus noise. The vertical dashed line represents this breaking 
point. The highest concentration is also excluded from the calibration curve due to saturation of the signal 
observed during the peak integration. 

3.4. Absolute Quantification Using Peptide-Specific, Refined Calibration Curves 
The broad set of calibration curves cannot be used to accurately quantify the peptides of interest 

as there are not enough data points to compose the linear part of the calibration curve. Thus, we 
constructed a second, more refined set of calibration curves. for each peptide of interest using the 
estimated concentrations from their corresponding broad calibration curves. 

Figure 6 shows the higher accuracy of the peptide specific refined calibration curves compared 
to the broad calibration. The broad calibration curves of each peptide (Figure 6A, C and E) show that 
the estimated concentration values differ by several orders of magnitude from the values found with 
the refined calibration curve. We found the following concentrations for the peptide of interests in 
the tested hydrolysate: TIKLPAGT at 0.01 x 10-4 µg.ml-1; HPLPSYSPSQ at 0.021 µg.ml-1; and 
HLPSYSPSP at 0.015 x 10-4 µg.ml-1. 
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Figure 6. Absolute quantification of peptides using in-sample calibration curves. (A, C, E) Broad calibration 
curves for peptides TIKLPAGT, HLPSYSPSPQ and, HLPSYSPSP; (B, D, F) Refined calibration curves for 
peptides TIKLPAGT, HLPSYSPSPQ and, HLPSYSPSP. Each panel shows the linear regression between heavy 
peptide concentration and heavy peptide peak area after segmentation between the flat response and the linear 
response. Points outside of the linear range were manually removed from the calibration curve. The linear 
regression used for calibration is shown with a solid black line (95% confidence interval). For illustration 
purposes, the line is continued above and below using a dotted line. The on-column concentration of each 
peptide is estimated with a ratio of heavy peptide over endogenous peptide of 1, herein shown with a horizontal 
dotted line. 

4. Discussion 
The approach of in-sample calibration curve involves the use of synthetic  isotopologues to 

construct a calibration curve with each of these isotopologues serving as a calibrant [49]. High-
resolution mass spectrometry allows for accuracy down to 10 ppm, corresponding to 0.0075 m/z for 
a peptide with molar mass 1500 Da and with +2 charge, together with the ability to collect data for all 
product ions from a precursor simultaneously. Application to higher charge states would be possible 
based on such resolution [50]. 

In this study, we present evidence validating use of a hydrolysate (PeptiStrong™) resulting from 
the proteolysis of V. faba in addressing the quantification of three peptides which are consistently 
detected in this hydrolysate and are part of a peptide network with proven muscle health benefits 
[42]. Bateman, K. et al., reported an analytical workflow based on DDA and XIC profiles, showing 
the quantitative nature of their work by using various spiked-in concentrations of bovine peptides in 
complex matrix (mouse plasma) [51]. In this work, the PRM method was chosen over the standard 
DDA method for the quantification of three peptides in a food, plant-based, hydrolysate. We chose 
this approach as the analyte is measured consistently with PRM and the limit of detection (LOD) is 
found when detection is absent, while the lack of identification with DDA type of acquisition 
indicates the LOD was either reached or the analyte was not sampled [52]. DDA experiments which 
involve an increased proteome coverage suffer from under sampling problems and lead to under 
representation of low abundance analytes [53]. In this work, the application of PRM acquisition 
method allowed for excellent robustness and accuracy, while avoiding the need for multiple analysis 
of individual calibrators, as mentioned elsewhere [54]. The quality of a calibration curve constructed 
by the PRM method is indicated by the linearity of the curve, where R2 values higher than 0.9 are 
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acceptable, although there is no consensus yet [55]; individual parts of the curve should not vary 
more than 25% from the linear regression fit [56].  

Our approach, which combined a basic workflow for sample preparation and the in-sample 
calibration curve approach for food-derived peptide quantification is more advantageous than other 
reported methods which used certain colorimetric assays and amino acid analysis with well-known 
additional steps (e.g., chromogenic substrates, chemical derivatization) that alter the chemical 
structure of peptides and using arbitrary conversion factors for in-sample peptide and protein 
quantification [57]. Τhe first part of our work differentiated between peptides TIKIPAGT and 
TIKLPAGT, based on their hydrophobicity difference or the existence of amino acids leucine and 
isoleucine (Figure 3 and Figure 4). As these two amino acids cannot be distinguished based on their 
masses, caution is needed when working with very similar (down to one amino acid difference) 
peptides. The use of the heavy peptidoform of TIKIPAGT was necessary to resolve the difference 
between the two peptides. Similar labelling approaches have been reported at the peptide level as 
well, such as the use of dimethyl labeling, and peptide quantification by comparing the peptides’ 
relative ion abundance, although the method is prone to variation in the earlier steps of sample 
preparation in proteomics [58]. 

Figure 5 shows the peak area of each heavy-labelled peptide against their concentrations and 
the dotted line separates the actual calibration curve (right-side) for each peptide to the noise (left 
side) during their detection. The lowest reported concentration value of the three heavy-labelled 
peptides, 0.00079 µg/mL (HLPSYSPSP[+6]), is representative of the quantification depth our method 
can access.    

Our approach requires building two in-sample calibration curves. This may increase the cost of 
the experimental setup compared to a single calibration or to a single point broad calibration curve. 
However, the 1-point calibration curve is missing the limit of quantification of the applied heavy-
labelled peptide. Our approach has two main advantages over these alternatives: the in-sample LOQ 
can be quantified from the broad calibration curve and the second, refined calibration curve reduces 
uncertainty of the peptide concentration calculation. 

Further investigations to determine the LOQ for hydrophobic analytes are necessary as these are 
prone to surface adsorption and their reported values may not be reflective of actual LOQ. Also, the 
use of analyte isotope that falls within the linear range to back calculate the in-sample analyte 
concentration can be tested. 

A compilation of the broad and refined calibration curves for each of the three peptides is shown 
in Figure 6. The absolute quantification values determined by the refined calibration curves for 
peptides TIKIPAGT, HLPSYSPSPQ and, HLPSYSPSP were 0.01 ± 7e-04, 0.021 ± 0.002 and 0.015 ± 8e-
04 µg/mL, respectively (Figure 6B-F). It is also important to highlight the difference between the three 
absolute concentration values, and the three different calibration curves for each peptide, since not 
all can fit in one curve. Similar observations have also been highlighted in the work of Greer, T. et al. 
[59], where they used isotopic N,N-dimethyl leucine to label neuropeptide allatostatin and spiked a 
mouse urine matrix, creating two validated quantification methods. Various studies reported the 
quantification of peptides using labeled internal peptide standards as a single point calibration [60], 
but higher accuracy is achieved by constructing a calibration curve from the response ratio of the 
labelled pair within a certain concentration range [61]. 

The development of precise and standardized quantification of peptides in food supplements 
and functional products is crucial to characterize their positive and measurable bioactive and 
nutritional effects [62,63]. It is also capable of reducing uncertainty in the prediction of unintended 
negative effects [64]. Overall, a quantification approach of peptides from natural sources would be 
one of the first steps and in line with the current sustainable development goals of the United Nations, 
namely goals two and three, which focus on food security and improved nutrition and the promotion 
of well-being at all ages, respectively [65].  

The absolute quantification of the identified peptides within a hydrolysate from a plant source 
will unlock their testing for survivability (blood half-life) and their subsequent quantification in blood 
and assess their effectiveness and clinical trials and in vitro assays. 
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5. Conclusions 
We successfully resolved the retention time shift between isoleucine and leucine peptidoforms 

to identify the correct sequence of one of our peptides of interest using a spiked heavy labelled 
peptide. This sequence difference would not have been possible to resolve with a simple DDA run 
followed by standard peptide search. We achieved the absolute quantification of multiple peptides 
in a single hydrolysate using a PRM method targeting peptide of interest and their heavy 
peptidoforms. The heavy peptidoforms served two purposes: they were utilized both as calibrants to 
construct a five-point calibration curve and as internal standards to address the losses due to sample 
preparation and matrix effects. The refined calibration curves do not validate the corresponding 
broad curves, thus it is not sufficient to implement one generic set of concentrations in a calibration 
curve to fit all the experiments for peptide quantification.  
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