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Letter to the Editor

Reply to: “Absorption of methionine sources in animals—is there more  ®

to know?” — Yes, there is more to know!

Recently, above mentioned paper compiling and discussing
literature concerning the absorption of DL-methionine (DL-Met)
and two forms of the hydroxy analogue of methionine (2-
hydroxy-4-methylthiobutyric acid [HMTBa], Ca-salt of HMTBa
[HMTBa-Ca]) was published in Animal Nutrition (https://doi.org/
10.1016/j.aninu.2022.09.004). We would like to comment on this
article regarding the aim of the study as expressed in the introduc-
tion: “This critical review provides an understanding of diverging
studies and provides insights into how further evaluation should
be conducted when the bioefficacy of the two molecules is
discussed”.

While methods in physiology research have indeed been further
developed and improved in many respects over time, those
methods are seldomly appropriate for quantifying impact on per-
formance indicators such as body growth, meat deposition or
feed and nutrient utilization. Insofar, research on absorption of
methionine or its analogues helps to understand and explain effects
determined empirically but would not be suitable to change the
conclusions out of growth studies. The mentioned “conflicting” re-
sults of bioefficacy studies are indeed a matter of experimental
setups which are, in fact, not discussed in the present publication.
Moreover, recently the lower bioefficacy of HMTBa and HMTBa-
Ca as well as the methodology for determination have been re-
ported and validated, respectively (Elwert et al, 2008; Lemme
et al, 2020). After a meticulous examination of literature, the
EFSA Panel on Additives and Products or Substances used in Animal
Feed (FEEDAP) also concluded that HMTBa shows a lower bio-
efficacy (75% on molar level) than DLM-Met in monogastric animals
which was associated especially with lower efficacy of dimers, tri-
mers and oligomers of HMTBa (Rychen et al., 2018).

In Chapter 2, references and results are reported which should
indicate that HMTBa is absorbed to a high degree before feed/
digesta enters the duodenum in chicken and other farm animals
suggesting high if not identical absorption of this compound
compared to DL-Methionine. While it is notable that only refer-
ences from sponsored research of the co-authors of the present re-
view were considered, authors did not include other studies that
reported considerable and higher concentrations of HMTBa
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compared to methionine at proximal duodenum in broilers and
swine (Drew et al., 2003; Maenz and Engele-Schaan, 1996; Malik
et al., 2009) which ingested experimental feeds with labelled
methionine sources. Accordingly, the papers concluded a remark-
ably lower absorption of HMTBa at terminal ileum. In a later chap-
ter (3.1) authors discredit the use of 3I—l—labelling and it was
suggested that >H-labelled compounds would bear the risk of insta-
bility. Furthermore, authors devoted more than 60 lines to this sub-
ject. In addition, they argued that '“C labelled compounds were also
unstable. However, neither research by Saunderson (1985) nor that
by Lingens and Molnar (1996) were mentioned. Instructively, these
researchers used C-labelled methionine and HMTBa or HMTBa-
Ca, respectively, and were able to detect and quantify the label in
various tissues and the excreta of broiler chickens. Saunderson
(1985) reported twice the residual radiation for HMTBa in excreta
compared to DL-Met fed broilers which is almost identical to
Esteve-Garcia and Austic (1993) findings. Indeed, in Esteve-Garcia
and Austic (1993) data would suggest a relative bioefficacy of 64%
for HMTBa-Ca compared to DL-Met on weight basis (72% on equi-
molar comparison). Lingens and Molnar (1996) reported even
three-to four-fold residual radiation in excreta of broilers. All these
studies would, thus, consistently report substantially higher con-
centration of HMTBa and HMTBa-Ca compared to the methionine
label in excreta (Drew et al., 2003; Lingens and Molnar, 1996;
Maenz and Engele-Schaan, 1996; Malik et al., 2009; Saunderson,
1985). Contrary to the data reported by Becquet et al., (2022), these
findings are not in agreement with almost complete absorption of
HMTBa. Indeed, the detected labels were not necessarily associated
with the methionine or HMTBa (Maenz and Engele-Schaan, 1996)
and other studies suggested that a large portion of particularly
HMTBa has been catabolized by microbiota (Drew et al., 2003;
Malik et al., 2009). Therefore, HMTBa available for uptake and
further transformation into L-methionine had been shown to be
lower than uptake of DL-Met. The entire chapter 3.2 discusses the
inappropriateness of the rooster assay for digestibility evaluation
as the respective paper by Rostagno and Barbosa (1995) reported
a 7% lower apparent digestibility for HMTBa compared to DL-Met
and the respective growth study suggested an average bioefficacy
of about 66% on weight basis (75% on molar level). In Rostagno
and Barbosa (1995), compounds as opposed to labels were analysed
and this effect on digestibility would be in addition to the disap-
pearance due to microbial degradation. Whilst established
methods are challenged by Becquet et al. (2022), results are consis-
tent despite they were generated from different methodologies.
Moreover, the consistent results generated across these studies
suggest the methodologies are adequate.
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In Chapters 3.3 (Selection of intestinal models), 4 (Oligomer
hydrolysis) and 5 (Physiological factors) of the review, authors
discuss various in-vitro and ex-vivo models and respective condi-
tions under which research should ideally be performed to inves-
tigate absorption of methionine, HMTBa and especially the
HMTBa oligomers. In this context, an in-vivo approach reported
by Mitchell and Lemme (2008) was overlooked. This research
examined the luminal fluid of broilers in order to develop an
experimental perfusate used for the intestinal loop technique in
broilers that simulated realistic gut conditions. Thus, it could be
ensured that concentrations of DL-Met and HMTBa in the intes-
tine were representative for an absorption study. The in-vivo
study revealed that absorption of HMTBa was 71% to 83% as effi-
cient as DL-Met absorption. Moreover, the study reported that
the dimers of HMTBa, in particular, were almost not absorbed
compared to the monomers. Indeed, in this research interaction
with gut microbiota were excluded by prior flushing the intesti-
nal segment while all other digestive activities were not
restricted.

In Chapter 5 authors emphasize a higher efficiency of HMTBa in
context of stressful conditions for broilers especially oxidative
stress. However, this conclusion is in contrast with Liu et al.
(2019), Maenz and Engele-Schaan (1996), and Wang et al. (2019),
which were not mentioned in the above-mentioned review. Rather
in contrast, heat exposure did not affect absorption pattern per se
during intestinal passage (Maenz and Engele-Schaan, 1996) while
research by Liu et al. (2019) and Wang et al. (2019) suggested a
higher anti-oxidative efficiency for DL-Met. In addition, research
by Zeitz et al. (2018) and Zhang et al. (2018) would suggest
improvement of antioxidant status by supplementation of either
methionine source compared to Met + Cys deficiency but not
necessarily differences between products.

Overall, it appears that the compilation of literature, respective
methodologies and chain of argumentation aimed at discrediting
studies reporting lower absorption of HMTBa. The impression of a
biased review is strengthened due to the omission of a number of
easily accessible publications. In conclusion, absorption studies
would not allow for revising relative efficiency of methionine sour-
ces determined by growth studies and respective validation and
challenge trials (Lemme et al., 2020).
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Absorption of methionine sources in animals — is there more to know?

— Clarification

Our publication on absorption of methionine sources (Becquet
etal.,2023a)is a thorough analysis of 129 references dealing with ab-
sorption of sources of methionine, with the objective to critically
evaluate the methodologies used and their impact on the conclusions
of the studies. As the focus of our publication was on the evaluation of
absorption, efficacy studies and reports not having information on
absorption were not considered (Elwert et al., 2008; Rychen et al.,
2008). Furthermore, the search was limited to 2019 as indicated in
the introduction of the publication, hence studies or reports pub-
lished thereafter were not considered, such as Lemme et al. (2020).

The publication (Becquet et al., 2023a) should enable readers to
consider the different aspects of the methodology, when setting
studies to evaluate or when reading studies evaluating the absorp-
tion of the methionine sources.

At no place does our review (Becquet et al., 2023a) mention any
bioequivalence values between HMTBa, HMTBa-Ca and DL-
methionine as it focuses on absorption. It is therefore interesting
to note that the first part of the Letter to the Editor (Lemme et al.,
2023) refers specifically to this aspect. It is well known that bio-
equivalence between HMTBa, HMTBa-Ca and DL-methionine re-
mains a controversial subject, despite years of research. It was not
in the scope of our review and hence efficacy studies were not
covered. But the Letter to the Editor (Lemme et al., 2023) only refer-
enced selected efficacy studies, favoring DL-Methionine (Elwert
et al.,, 2008; Lemme et al., 2020) and the EFSA opinion (Rychen
et al., 2008), but omitting to include studies supporting equal bio-
efficacy such as Batonon-Alavo et al. (2023) and Uddin et al.
(2022), which is a meta-analysis.

Furthermore, the authors of the Letter to the Editor (Lemme et al.,
2023)indicate that our review does not include studies such as Drew
etal.(2003), Maenz and Engele-Schaan (1993) and Malik et al. (2009)
without paying due attention to the list of references at the end of our
review. Yes, the publications from Lingens and Molna (1996) and
Saunderson (1985) were indeed not discussed in-depth in this re-
view as they addressed metabolism of methionine sources rather
than absorption but were included in the list of references in our pub-
lication on the metabolism of sources of methionine (Becquet et al.,
2023b), the Part Il of our review. The authors of the Letter to the Ed-
itor (Lemme et al., 2023) cited that both references reported higher
residual radiation for HMTBa in excreta, suggesting lower bioefficacy
compared with DL-methionine without reporting higher residual ra-
diation for DL-methionine in excreta in comparison to HMTBa
(Gordon and Sizer, 1965; Saroka and Combs Jr, 1968), whereas all
these studies were unbiasedly included and discussed in our review
of the metabolism assessments of methionine sources (Becquet et al.,
2023b). Finally, the study from Mitchell and Lemme (2008) was not
considered in our review because the proposed method (only pre-
sented in this paper), did not have sufficient information to allow a
meaningful comparison with other studies.

The highlights of the Letter to the Editor “The authors are con-
cerned regarding the quality and scientific standards of a recent
publication by Becquet et al.” is not supported by the content of
the Letter to the Editor. As described above, some elements of the
Letter to the Editor are debatable. Hence, the authors of Becquet
et al. (2023a) also question the quality and scientific approach and
standards of the Letter to the Editor (Lemme et al., 2023), which
did not go through a rigorous review process, comparable to our
two publications (Becquet et al., 2023a, 2023b). While the authors
of the letter to the Editor, which provides confusion rather than
value to the scientific community, our publication deep dives in
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the comparison of the methodologies used and their relevance
due to the different chemical nature of HMTBa and HMTBa-Ca
compared to DL-methionine. The latter approach provides key
foundations to the readers for properly evaluating the published
studies and preparing future studies.
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