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Spatial dis tribution of glucos e  and amino ac ids  within all- 
aqueous  emuls ions  direc ts  the  Maillard reaction and 
oxidation pathways
Corresponding Author: Dr Antonio Dario Troise

This  file  c o ntains  all re vie we r re po rts  in o rde r by ve rs io n, fo llo we d by all autho r re buttals  in o rde r by ve rs io n. 

Attac hme nts  o rig inally inc lude d by the  re vie we rs  as  part o f the ir as s e s s me nt c an be  fo und at the  e nd o f this  file .

Ve rs ion 0:

Re vie we r comme nts :

Re vie we r #1

(Re ma rks  to the  Author)
This  is  a  ve ry good ma nuscript cove ring a  quite  curre nt a spe ct of a na lytica l che mis try. Howe ve r, the  a uthors  should 
e la bora te  more  on how the ir a pproa ch is  linke d to food production.
The n, ge ne ra lly, a re  the  pa rtition coe fficie nts  of the  re a cta nts  in both a que ous  pha se s  known?

I only ha ve  some  furthe r minor comme nts

l.260 – ple a se  use  subscripts .
l.291 – a ny ide a  for the  forma tion of 3-a mino-2,3-dide oxy-scyllo-inosose ?  Ha s  this  compound e ve r be  re porte d in 
glucosa mine  de gra da tion?
l.298 – de le te  ‘in’
l.444 – de le te  ‘fina lly’ once
l.554 – ‘mole cula r’
fig. 3 – the  s tructure  a t the  lowe r le ft is  '3-hydrope roxypyrrole  indole  ca rboxylic a cid'
fig. 4 – wha t is  me a nt by ‘ca rboss ilic a cid’?

Re vie we r #2

(Re ma rks  to the  Author)
The  ma nuscript e xplore s  the  role  of spa tia l dis tribution in a ll-a que ous  e muls ions , spe cifica lly how the  orga niza tion of 
glucose  a nd a mino a cids  within such sys te ms  dire cts  both the  Ma illa rd re a ction (MR) a nd oxida tion pa thwa ys . The  a uthors 
use  unta rge te d me ta bolomics  a nd mole cula r ne tworking to a na lyze  ove r 500 compounds , re ve a ling how the  loca tion of 
re a cta nts—whe the r co-e nca psula te d or s e gre ga te d in diffe re nt pha se s—a ffe cts  the  che mica l dive rs ity of re a ction products . 
The ir findings  provide  a  ne w fra me work for controlling glyca tion re a ctions  in food-re le va nt conditions . Ba se d on the 
innova tive  a pproa ch a nd compre he ns ive  a na lys is  pre se nte d, this  ma nuscript provide s  va lua ble  ins ights  into the  control of 
comple x che mica l re a ctions  in bipha s ic sys te ms . Give n the  qua lity of the  re se a rch a nd its  pote ntia l impa ct on the  fie ld, I 
re comme nd publica tion in Communica tions  Che mis try, subje ct to a ddre s s ing the  following comme nts :

1. The  ma nuscript me ntions  the  pre pa ra tion of a ll-a que ous  drople t re a ctors  us ing Na 2S O4 a nd P EG solutions . Howe ve r, the 
conce ntra tions  of the se  solutions  a nd the ir impa ct on the  Ma illa rd re a ction (MR) products  a re  not cle a r. This  ma nuscript 
should provide  e xa ct conce ntra tions  of Na 2S O4 a nd P EG use d in the  fina l e muls ion sys te m a nd e xpla in the ir role s  in 
modula ting the  MR pa thwa y (S e ction 2.2, "P re pa ra tion of a ll-a que ous  drople t re a ctors ").

2. The  principa l compone nt a na lys is  (P CA) in Figure  1A shows  sa mple  dis tribution ove r time . While  the  va ria nce  e xpla ine d 
is  me ntione d, the  inte rpre ta tion of the  firs t a nd se cond principa l compone nts  is  insufficie nt. This  ma nuscript should provide 
more  de ta ils  on how the  va ria nce  corre la te s  with the  obse rve d re a ction pa thwa ys  a nd the  s ignifica nce  of the  clus te ring in



diffe re nt qua dra nts  (Figure  1A).

3. The  ma nuscript me ntions  the  a nnota tion of ove r 500 compounds  us ing me ta bolomics . Howe ve r, the  me thods  of 
qua ntifying the se  compounds  a re  not fully e xpla ine d. This  ma nuscript should cla rify how the  compound qua ntitie s  we re 
me a sure d in e a ch pha se  a nd wha t s ta nda rds  we re  use d for compa rison (S e ction 2.4, "Liquid chroma togra phy high 
re solution ma ss  spe ctrome try").

4. In the  Discus s ion, the  ma nuscript highlights  the  forma tion of oxida tion products  such a s  β-ca rboline s  a nd N- 
formylkynure nine  in the  P EG pha se . Howe ve r, the  forma tion pa thwa ys  for the se  products  a re  not a de qua te ly dis cus se d. This 
ma nuscript should e la bora te  on the  che mica l me cha nisms  le a ding to the ir forma tion, a nd how the  pha se -spe cific 
microe nvironme nt influe nce s  this  proce s s  (P a ge  12, "Re sults  a nd Discus s ion").

5. In S e ction 2.3, control e xpe rime nts  with P EG a nd Na 2S O4 a re  use d to va lida te  the  findings . Howe ve r, the  ma nuscript 
doe s  not cle a rly e xpla in how the se  controls  support the  inte rpre ta tion of the  da ta . This  ma nuscript should e xpa nd on the  role 
of the  control sa mple s  a nd how the y confirm the  obse rve d diffe re nce s  in re a ction pa thwa ys  (S e ction 2.3, "Running the  MR in 
drople t re a ctors  a nd s ingle -pha se  solutions").

6. Figure  3 pre se nts  the  re a ction pa thwa ys  of tryptopha n a nd glucose , but the  mole cula r ne twork dia gra m doe s  not cle a rly 
diffe re ntia te  be twe e n the  diffe re nt re a ction type s  (e .g., conde nsa tion vs  oxida tion). This  ma nuscript should re vise  the 
dia gra m to e xplicitly indica te  which compounds  a re  involve d in e a ch re a ction pa thwa y a nd provide  a  cle a re r dis tinction 
be twe e n oxida tion a nd conde nsa tion products  (Figure  3, "Mole cula r ne twork of re a ction products ").

7. In Figure  5, a  volca no plot is  pre se nte d compa ring compounds  in the  Na 2S O4 a nd P EG pha se s  a t 5 hours . Howe ve r, the 
spe cific compounds  tha t a re  ove r-re pre se nte d in e a ch pha se  a re  not fully lis te d. This  ma nuscript should include  a  ta ble  or 
supple me nta ry informa tion lis ting the  compounds  tha t we re  ide ntifie d a s  be ing s ignifica ntly e nriche d in e a ch pha se  a nd the ir 
corre sponding conce ntra tions  (Figure  5, "Compos ite  volca no plot").

8. The re  is  a  dis cre pa ncy in the  wa y re a ction products  a re  na me d be twe e n diffe re nt s e ctions . For e xa mple , "N- 
formylkynure nine " is  me ntione d in the  Re sults  but re fe rre d to a s  a  diffe re nt compound in the  Discus s ion se ction. This 
ma nuscript should e nsure  cons is te nt te rminology throughout to a void confus ion (P a ge  10, "Re sults  a nd Discus s ion").

9. While  the  ma nuscript dis cus se s  how re a cta nt loca liza tion influe nce s  the  Ma illa rd re a ction, it could provide  a  de e pe r 
a na lys is  of how the se  loca lize d re a ctions  spe cifica lly a ffe ct the  forma tion of Ama dori products  a nd othe r inte rme dia te s . This 
ma nuscript should include  a dditiona l da ta  or re fe re nce s  to support the  cla im tha t the  P EG pha se  is  more  conducive  to 
Ama dori re a rra nge me nt (P a ge  8, "Re sults  a nd Discus s ion", a nd Figure  3).

Re vie we r #3

(Re ma rks  to the  Author)

Ve rs ion 1:

Re vie we r comme nts :

Re vie we r #1

(Re ma rks  to the  Author)
l.69, l.128 – a fte r the  bra cke t, a  spa ce  is  mis s ing.

l.72 – wha t do you me a n by “the re by subse que nt pa thwa ys”?

l.139 - the re  is  a  forma tting is sue  “Na  S O”

l.204 – ple a se  corre ct “;:”

l.218 – wha t do you me a n by “tha t cons ide r involve  broa d dyna mic ra nge s”?

l.227 – ple a se  corre ct “s tudying , a nd s tudy”

l.232 a nd following – why bold le tte rs?

l.451 – do you me a n “dioxe ta ne ”?

Re vie we r #2

(Re ma rks  to the  Author)



The  a uthors  ha ve  a ddre s se d a ll my conce rns  s a tis fa ctorily. I re comme nd the  ma nuscript for publica tion a s  it is .

Re vie we r #3

(Re ma rks  to the  Author)
All of my conce rns  ha ve  be e n a de qua te ly a ddre sse d in the  re vise d ma nuscript, a nd I re comme nd the  ma nuscript for 
publica tion.

Ope n Ac c e s s  This  P e e r Re vie w File  is  lice nse d unde r a  Cre a tive  Commons  Attribution 4.0 Inte rna tiona l Lice nse , which 
pe rmits  use , sha ring, a da pta tion, dis tribution a nd re production in a ny me dium or forma t, a s  long a s  you give  a ppropria te 
cre dit to the  origina l a uthor(s ) a nd the  source , provide  a  link to the  Cre a tive  Commons  lice nse , a nd indica te  if cha nge s  we re 
ma de .
In ca se s  whe re  re vie we rs  a re  a nonymous , cre dit should be  give n to 'Anonymous  Re fe re e ' a nd the  source .
The  ima ge s  or othe r third pa rty ma te ria l in this  P e e r Re vie w File  a re  include d in the  a rticle ’s  Cre a tive  Commons  lice nse , 
unle s s  indica te d othe rwise  in a  cre dit line  to the  ma te ria l. If ma te ria l is  not include d in the  a rticle ’s  Cre a tive  Commons 
lice nse  a nd your inte nde d use  is  not pe rmitte d by s ta tutory re gula tion or e xce e ds  the  pe rmitte d use , you will ne e d to obta in 
pe rmis s ion dire ctly from the  copyright holde r.
To vie w a  copy of this  lice nse , vis it https ://cre a tive commons .org/lice nse s /by/4.0/



Dear Editor and Reviewers,
we are very much thankful for all the amendments and suggestions. We understand that 
the Reviewers do a voluntary job, they indeed help us to improve our paper.
We provide here a point-to-point rebuttal to the Reviewers’ constructive comments. All
the changes are reported here in blue and can be tracked in the revised manuscript 
following the line numbering.

Reviewers' comments:

Reviewer #1 (Remarks to the Author):

This is a very good manuscript covering a quite current aspect of analytical chemistry. 
1. However, the authors should elaborate more on how their approach is linked to food 
production.

The introduction section has been expanded outlining the implications of chemical 
reactions in all aqueous two-phase systems for food production (Lines 49-58).

2. Generally, are the partition coefficients of the reactants in both aqueous phases 
known?

Yes, the partitioning behavior of the reactants has been extensively discussed in our 
previous study1. Specifically, the partition coefficients for glucose and asparagine are 
0.206 and 0.080, respectively, while the partition coefficient for tryptophan is 6.17. This 
information has been incorporated into the final paragraph of the introduction section 
(Lines 85-86).

3. l.260 – please use subscripts.

The subscripts have been revised and corrected throughout in the manuscript

4. l.291 – any idea for the formation of 3-amino-2,3-dideoxy-scyllo-inosose? Has this 
compound ever be reported in glucosamine degradation?

We apologize for the incorrect nomenclature as in the case of 3-amino-2,3-dideoxy- 
scyllo-inosose and in the case of the compound with chemical formula C12H23NO10. 
We take now the chance to update the manuscript, tables, figures and discussion.
Even if 3-amino-2,3-dideoxy-scyllo-inosose is a known chemical entity often observed
as an intermediate in aminoglycoside biosynthesis2, its formation is not reported in 
glucosamine degradation. Indeed, the compound with formula C6H11NO4, annotated 
and putatively identified in this study as 6-amino-4,5-dihydroxyhexan-2,3-dione can be 
viewed as an analog of 1-deoxy-2,3-hexodiulose, arising from glycosylamine. While 1-
deoxy-2,3-hexodiulose arises from the dehydration of the Amadori product or glucose
at alkaline pH, in our conditions further reactions as dehydration could lead to the



formation of 6-amino-4,5-dihydroxyhexan-2,3-dione here observed.
In a similar way, the compound with molecular formula C12H23NO10 is putatively 
formed from 1-glycosylamine. Indeed, 1-glycosylamine (or one of its isomers) is 
unstable in the pH range 1.5-9 and in the case of local accumulation and high 
concentration of reactants, it can react with reducing sugar to form compounds as 
threalosamine or lactosamine according to the specific kind of precursor.3 This reaction 
has been already observed in the case of long chain amines and reducing sugars.4

The manuscript and the results have been changed accordingly (Figures 5 and 8, 
supplementary tables, lines 346-351).

5. l.298 – delete ‘in’

The word “in” has been deleted (Line 353).

6. l.444 – delete ‘finally’ once

The word “finally” has been deleted (Line 505).

7. l.554 – ‘molecular’

The term has been corrected to “molecular” (Line 625).

8. fig. 3 – the structure at the lower left is '3-hydroperoxypyrrole indole carboxylic acid'

The Reviewer is correct: we missed the carboxylic acid moiety in the name of the 
structure. Now figure 3 includes the correct name 3-hydroperoxypyrrole indole 
carboxylic acid and the corresponding panels have been reorganized.

9. fig. 4 – what is meant by ‘carbossilic acid’?

Figure 4 has been corrected.

Reviewer #2 (Remarks to the Author):

The manuscript explores the role of spatial distribution in all-aqueous emulsions, 
specifically how the organization of glucose and amino acids within such systems 
directs both the Maillard reaction (MR) and oxidation pathways. The authors use 
untargeted metabolomics and molecular networking to analyze over 500 compounds, 
revealing how the location of reactants—whether co-encapsulated or segregated in 
different phases—affects the chemical diversity of reaction products. Their findings 
provide a new framework for controlling glycation reactions in food-relevant 
conditions. Based on the innovative approach and comprehensive analysis presented, 
this manuscript provides valuable insights into the control of complex chemical 
reactions in biphasic systems. Given the quality of the research and its potential impact



on the field, I recommend publication in Communications Chemistry, subject to 
addressing the following comments:

1. The manuscript mentions the preparation of all-aqueous droplet reactors using 
Na2SO4 and PEG solutions. However, the concentrations of these solutions and their 
impact on the Maillard reaction (MR) products are not clear. This manuscript should 
provide exact concentrations of Na2SO4 and PEG used in the final emulsion system 
and explain their roles in modulating the MR pathway (Section 2.2, "Preparation of all- 
aqueous droplet reactors").

The exact concentrations of Na₂SO₄ and PEG, as well as their respective roles in 
influencing the Maillard reaction pathways, have been included in section 2.2 of the 
amended manuscript (Lines 115-127).

2. The principal component analysis (PCA) in Figure 1A shows sample distribution 
over time. While the variance explained is mentioned, the interpretation of the first and 
second principal components is insufficient. This manuscript should provide more 
details on how the variance correlates with the observed reaction pathways and the 
significance of the clustering in different quadrants (Figure 1A).

This part has been rephrased emphasizing the implications of model system 
composition and of reaction time. New comments based on the 2D distribution over 
PC1 and PC2 were introduced (Lines 233-253).

3. The manuscript mentions the annotation of over 500 compounds using metabolomics. 
However, the methods of quantifying these compounds are not fully explained. This 
manuscript should clarify how the compound quantities were measured in each phase
and what standards were used for comparison (Section 2.4, "Liquid chromatography
high resolution mass spectrometry").

We agree with this comment and material and methods section have been updated
accordingly. The results were presented in a semiquantitative data, considering that 
some of the end-products monitored are not available in the market or require specific 
synthetic protocols for an accurate quantification. We specified that the number of scans 
below each peak (> 8), the filtering procedure and the consequent correction of the 
signal based on quality control and normalization can improve the robustness of the 
metabolomic workflow and the response of chemically different compounds, even
when semi-quantitative results are presented as in this manuscript. Regarding the
annotation and identification procedures, the available standards were reported in bold 
in the supplementary tables (sections 2.4 and 2.5).

4. In the Discussion, the manuscript highlights the formation of oxidation products such 
as β-carbolines and N-formylkynurenine in the PEG phase. However, the formation



pathways for these products are not adequately discussed. This manuscript should 
elaborate on the chemical mechanisms leading to their formation, and how the phase- 
specific microenvironment influences this process (Page 12, "Results and Discussion").

The discussion has been expanded according to this specific comment highlighting how 
temperature and pH can favor the formation of N-formylanthranilic acid from N- 
formylkynurenine. We also included comments on the reactivity of dioxoetane 
intermediate and the consequent formation of dioxindolylalanine and hydroxy and 
hydroperoxy-derivatives starting with the reactivity of indole rings. Based on the 
improved annotation of structural isomers, we introduced comments also on other two
products of tryptophan oxidation as 3-hydroperoxytryptohan and 3-
hydroperoxypyrroloindole carboxylic acid. Specifically for these two products we 
spotted the possibility that they are formed at the interface and then migrate into the 
PEG phase in the presence of emulsions, while Na₂SO₄ phase alone notably favored their 
formation. This specific behavior further reinforced the concept of aqueous two-phase 
systems as a complex, yet dynamic environment. In all the cases here mentioned, we 
would remark that specific kinetic or multiresponse experiments able to model 
distribution in different phases are required for establishing mechanistic insights of the 
formylation, oxidation, peroxidation reactions, as well as peptide bond formaiton. 
(Lines 301-314)

4. In Section 2.3, control experiments with PEG and Na2SO4 are used to validate the 
findings. However, the manuscript does not clearly explain how these controls support 
the interpretation of the data. This manuscript should expand on the role of the control 
samples and how they confirm the observed differences in reaction pathways (Section 
2.3, "Running the MR in droplet reactors and single-phase solutions").

The explanation has been added to section 2.3.

5. Figure 3 presents the reaction pathways of tryptophan and glucose, but the molecular 
network diagram does not clearly differentiate between the different reaction types (e.g., 
condensation vs oxidation). This manuscript should revise the diagram to explicitly 
indicate which compounds are involved in each reaction pathway and provide a clearer 
distinction between oxidation and condensation products (Figure 3, "Molecular 
network of reaction products").

We accepted this comments and we decided to add specific comments on the targets of
the molecular network in the Material and methods section (Lines 179-180). The 
molecular network provides information on the spectral similarities between different 
compounds and how specific compounds are connected according to chemical 
transformations included within the metabolomic workflow. Here, the outcome is to 
enlarge the number of annotated and putatively identified compounds as bases to infer 
on the reaction mechanisms (Lines 260-276 and Lines 367-381).



6. In Figure 5, a volcano plot is presented comparing compounds in the Na2SO4 and 
PEG phases at 5 hours. However, the specific compounds that are over-represented in 
each phase are not fully listed. This manuscript should include a table or supplementary 
information listing the compounds that were identified as being significantly enriched 
in each phase and their corresponding concentrations (Figure 5, "Composite volcano 
plot").

We included two new Supplementary Tables ST3 and ST4 reporting the compounds
over-represented and down-represented shown in the volcano plots for the two model 
systems. We would here specify that not all the discriminating molecules provided 
sufficient responses in terms of annotation and identification.

8. There is a discrepancy in the way reaction products are named between different 
sections. For example, "N-formylkynurenine" is mentioned in the Results but referred 
to as a different compound in the Discussion section. This manuscript should ensure 
consistent terminology throughout to avoid confusion (Page 10, "Results and 
Discussion").

We accept the comments and we reorganized this specific section aiming at improving
the clarity of the logical flow used for annotation, identification and reaction pathway 
construction. The formation of N-formylkynurenine is a consequence of oxidizing 
conditions along with the concomitant formation of isomers as dioxindolylalanine 
and hydroxypyrolloindole.5 According to our conditions, alkaline micro-environment 
and temperature higher than 70°C we hypotesized that the main products with 
molecular formula C11H12N2O4 corresponds to NFK. We have adjusted the discussion 
in section 3. New comments on dioxindolylalanine and hydroxy and hydroperoxy- 
derivatives were as well introduced.

9. While the manuscript discusses how reactant localization influences the Maillard 
reaction, it could provide a deeper analysis of how these localized reactions specifically 
affect the formation of Amadori products and other intermediates. This manuscript 
should include additional data or references to support the claim that the PEG phase is 
more conducive to Amadori rearrangement (Page 8, "Results and Discussion", and 
Figure 3).

The higher accumulation of Amadori compounds in the PEG phase is consistent with 
our previous findings, where the macromolecular crowding and reduced water activity 
of PEG-rich environments were shown to accelerate the Schiff base–to–Amadori 
rearrangement and stabilize the corresponding intermediates (Chen et al., Food 
Chemistry, 2025)1. In that study, both Fru-Asn and Fru-Trp were detected at 
significantly higher levels in PEG-containing systems compared to Na₂SO₄ phases,



supporting the notion that the PEG phase provides a more favorable microenvironment 
for the Amadori rearrangement.

Regarding intermediates, we are aware that the formation of dicarbonyls, 
hydroxycarbonyls, keto acids and other degradation products can provide valuable 
insights into the definition of the hypothesized reaction pathways. New set of 
experiments will be directed to answer these questions and demonstrate the active role 
played by carbohydrate degradation products when in the presence of aqueous two- 
phase systems.

Reviewer #3 (Remarks to the Author):
Comments: The manuscript presents an insightful and well-structured study on how the 
spatial distribution of amino acids and sugars in all-aqueous (PEG/Na₂SO₄) emulsions 
modulates the Maillard and oxidation reactions. The authors successfully integrate 
untargeted metabolomics, molecular networking, and multivariate data analysis to 
reveal mechanistic insights into the compartmentalized reactivity of glucose - amino 
acid systems. The topic is timely and relevant for the fields of food chemistry and 
metabolomics. Besides, the study is methodologically sound and employs advanced
analytical tools (HILIC–HRMS coupled with molecular networking) to characterize
reaction products. Overall, the paper is of high scientific quality and is recommended 
for publication, but a few issues should be addressed before acceptance.

1. This article shows similar approach with the author’s previous work (ref 12). The 
authors mentioned that they envisioned this work in order to address two critical 
questions which remained unanswered in their previous work, one of which is‘how end- 
product formation and migration through different phases depend on amino acid 
partitioning behavior’ . However, ref 12 already demonstrates that several end-products 
such as β-carboline derivatives and Strecker aldehyde exhibited greater affinity toward 
the PEG phase. Considering these previous observations and the fact that both studies 
utilize the same model reactants (glucose, asparagine, and tryptophan), the authors 
should clearly articulate how the current work advances beyond their earlier study and 
what new mechanistic insights or methodological innovations it provides.

We accept this comment and apologize for the lack of clarity on this specific point. This 
paper and our previous manuscript (Chen et al., Food Chemistry, 2025)1 differ in the 
analytical context used to decipher the chemical nature of the end-products formed and 
(possibly) to evaluate their distribution in different phases in the milieu of aqueous two- 
phase systems.

• In Chen et al, the key focus was the study of the early stage of the Maillard
reaction with Amadori rearrangement products partitioning into different phases. 
Next, β-carbolines and Strecker aldehyde (decarboxylation reactions) were 
measured following chemical structures already reported in literature through a 
targeted analysis. Finally, we spotted an intense brown color development 
indicative of a broad spectrum of de novo formed compounds. In our former



manuscript for brown pigments, we only used a colorimetric approach.
• Our aim in this second manuscript was to disentangle the kind of molecules 

formed upon thermal treatment and that were part of the brown color
development.

• The untargeted metabolomics workflow was based on the annotation of 
degradation compounds potentially involved in polymerization reactions (i.e.
indole rings, pyrrole rings and aminobenzoyl-derivatives).

• We did not limit our study to indole or pyrrole rings, but we considered aqueous
two-phase system a reactor potentially linked also to prebiotic conditions. 
Indeed, we envisaged that multiple condensation reactions can be involved in 
the formation of amide bond typical of dipeptides. This objective has been 
added to the last paragraph of introduction (Line 99-105)

2. Furthermore, it would strengthen the manuscript if the authors elaborated on the 
rationale behind selecting glucose, asparagine, and tryptophan as model precursors for 
this study. A brief explanation of how these specific compounds represent distinct 
chemical behaviors would help contextualize their relevance to the investigated systems.

This has been added to the last paragraph of introduction (Lines 80-88)

3. In addition, while the manuscript provides mechanistic interpretations of oxidation
and condensation pathways, several of the proposed reactions such as the formation of 
β- carbolines, N-formylkynurenine, and peptide bonds remain speculative due to the 
lack of direct structural confirmation. Clarifying which compound identifications were 
experimentally confirmed versus putatively assigned would considerably improve the 
scientific rigor of the work

We are aware that NMR or the matching with pure reference standards is the 
prerequisite for the unequivocal identification of target analytes. We would here remark 
the untargeted nature of our approach and that in some cases pure reference standard 
are not accessible. Anyway, for the three compounds mentioned we provided 
fragmentation spectra with the putative chemical structures arising from a coherent 
retention time with HILIC, formula matching isotope distribution spectra overlapping 
with publicly available database and a screening of mass signals through Fragment Ion 
Search (FiSH) score. The results are reported in the Supplementary file section.
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Comments:

The manuscript presents an insightful and well-structured study on how the spatial
distribution of amino acids and sugars in all-aqueous (PEG/Na₂SO₄) emulsions modulates 
the Maillard and oxidation reactions. The authors successfully integrate untargeted 
metabolomics, molecular networking, and multivariate data analysis to reveal mechanistic 
insights into the compartmentalized reactivity of glucose - amino acid systems. The topic is 
timely and relevant for the fields of food chemistry and metabolomics. Besides, the study is 
methodologically sound and employs advanced analytical tools (HILIC–HRMS coupled with 
molecular networking) to characterize reaction products. Overall, the paper is of high 
scientific quality and is recommended for publication, but a few issues should be addressed 
before acceptance.

This article shows similar approach with the author’s previous work (ref 12). The authors 
mentioned that they envisioned this work in order to address two critical questions which 
remained unanswered in their previous work, one of which is ‘how end-product formation 
and migration through different phases depend on amino acid partitioning behavior’. 
However, ref 12 already demonstrates that several end-products such as β-carboline 
derivatives and Strecker aldehyde exhibited greater affinity toward the PEG phase. 
Considering these previous observations and the fact that both studies utilize the same 
model reactants (glucose, asparagine, and tryptophan), the authors should clearly 
articulate how the current work advances beyond their earlier study and what new 
mechanistic insights or methodological innovations it provides.

Furthermore, it would strengthen the manuscript if the authors elaborated on the rationale
behind selecting glucose, asparagine, and tryptophan as model precursors for this study. A 
brief explanation of how these specific compounds represent distinct chemical behaviors 
would help contextualize their relevance to the investigated systems.

In addition, while the manuscript provides mechanistic interpretations of oxidation and 
condensation pathways, several of the proposed reactions such as the formation of β- 
carbolines, N-formylkynurenine, and peptide bonds remain speculative due to the lack of 
direct structural confirmation. Clarifying which compound identifications were 
experimentally confirmed versus putatively assigned would considerably improve the 
scientific rigor of the work
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