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Abstract

Background/Objectives Dietary intake of red and processed meat has been associated with disease risk. Since dietary intake
assessment methods are prone to measurement errors, identifying biomarkers of meat intake in bio-samples could provide
more valid intake estimates. We examined associations of habitual red and processed meat, poultry, fish, and dairy products
consumption with plasma concentrations of anserine, carnosine, pi-methylhistidine (II-MH), tau-methylhistidine (T-MH),
and the ratio of T-MH to II-MH in a cross-sectional study.

Subjects/Methods Plasma anserine, carnosine, II-MH, and T-MH concentrations were measured using ion-pair LC-MS/MS
in 294 participants in the second Bavarian Food Consumption Survey (BVS II). Habitual food consumption was assessed
using three 24-h dietary recalls. Associations between plasma metabolites concentrations and meat, fish, eggs, and dairy
products consumption were assessed by fitting generalized linear model, adjusted for age, sex, and BMI.

Results Total meat intake was associated with plasma concentrations of anserine, carnosine, I[I-MH and, the ratio of T-MH to
II-MH. Red meat intake was related to carnosine (p-trend = 0.0028) and I1I-MH plasma levels (p-trend = 0.0493). Poultry (p-
trend = 0.0006) and chicken (p-trend = 0.0003) intake were associated with [I-MH. The highest anserine concentrations were
observed in individuals consuming processed meat or turkey. For T-MH we did not observe any association with meat intake.
Conclusions Our results indicate an association between habitual meat consumption and plasma concentrations of anserine,
carnosine, [I-MH and the ratio of T-MH to II-MH. Intervention studies should clarify whether the analyzed plasma
metabolites are indicative for a specific type of meat before proposing them as biomarkers of habitual meat intake in
epidemiologic studies.

Introduction disease [1, 2]. In many populations, meat is an important
source of dietary protein and substantially contributes to the
The consumption of total meat, red meat, processed meat,  supply with several essential nutrients, such as iron or zinc

poultry, and fish has been associated with human health and [3]. In the past decade a lot of evidence has been obtained
showing that effects on chronic disease risk depend on the
type of meat consumed. While a high consumption of red
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cancer, and even total mortality, people consuming pre-
dominantly poultry or fish are not at higher risk. In contrast
to that a high consumption of fish even decreases the risk of
several chronic diseases [4—7].

In observational epidemiological studies, dietary ques-
tionnaires such as food frequency questionnaires and dietary
recalls are utilized to estimate habitual daily intake of food
[8]. However, dietary questionnaires are prone to different
types of bias leading to inaccurate estimates of dietary
intake [9], resulting in misclassification of participants and
impairment of risk estimates of diet—disease relationships
[10]. Hence, identifying new biomarkers of meat intake in
bio-samples provides the chance to get additional dietary
intake information that is not affected by the same mea-
surement error [10—12]. Biomarkers can complement the
dietary intake information and help to evaluate critically the
available dietary intake data. They can be used to classify a
person’s dietary intake and in turn will enhance the
assessment of the relationship between diet and chronic
disease [13]. Ideally, such metabolites can aid in categor-
izing participants according to the type and amount of meat
consumed.

Several studies have analyzed many single compounds in
body fluid samples regarding their correlation with meat and
fish intake [3, 11]. Carnosine [3], anserine [3], pi-
methylhistidine (IT-MH) [12], tau-methylhistidine (T-MH)
[12], and several other metabolic compounds have been
suggested as candidate biomarkers of dietary meat intake, as
they are found in various amounts in all different types of
meat [3]. A recent short-term intervention study confirmed
that urinary concentrations of some of the above-mentioned
compounds are fairly good biomarkers of meat intake [14].
It remains unclear, however, whether these markers can also
be used to characterize an individual’s habitual dietary meat
intake, the information required in observational (cohort)
studies for testing diet—disease associations. Since epide-
miological studies usually collect blood samples but often
lack (24-h) urinary samples, biomarker measurement in
plasma or serum samples can be done in most existing
studies.

Thus, in the present study we investigate whether habi-
tual meat, fish, egg, and dairy products consumption is
associated with plasma concentrations of anserine, carno-
sine, II-MH, T-MH or the ratio of T-MH to II-MH in a
cross-sectional study. Instead of using the terms 1- and 3-
methylhistidine we used the terms tau-methylhistidine (T-
MH) and pi-methylhistidine (IT-MH), respectively, accord-
ing to N" and N atoms in the imidazole ring, following the
most common TUPAC nomenclature [15] to avoid confu-
sion about the numbering of atoms in the imidazole ring of
histidine. The methylhistidine structure derived from
anserine metabolism is termed as II-MH, whereas the other
methylhistidine structure is named as T-MH.
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Methods
Study participants

The second Bavarian Food Consumption Survey (BVS II),
conducted between September 2002 and June 2003, included
1050 participants aged 13-82 years. The overall participation
rate was 70%. The study was designed as a representative
cross-sectional study of the German-speaking Bavarian
population to describe their dietary and lifestyle habits. In
face-to-face interviews, demographics, lifestyle factors, and
medical history of the participants were assessed [16]. The
BVS 1I study was approved by the Ethics Committee of the
Bavarian Medical  Association  (Bayerische Land-
esdrztekammer). Written informed consent was obtained from
each participant in accordance with institutional requirements
and the declaration of Helsinki principles.

Dietary data assessment

The standardized PC-guided program EPIC-Soft [17, 18]
was utilized to assess three 24-h dietary recalls per subject.
Trained study personnel conducted telephone interviews to
complete two dietary recalls on weekdays and one recall on
a weekend for each participant. Intake data were weighted
for weekday and weekend to calculate the average daily
food intake. Food items were summarized into 16 food
groups and 21 subgroups according to the EPIC-Soft clas-
sification scheme [17].

Men and women who completed at least one 24-h dietary
recall and were at least 18 years of age, participated in blood
sampling and anthropometry assessment in the nearest
health office of each participant. Blood samples were sta-
bilized with sodium ethylenediamine tetra-acetic acid
(EDTA) (1 g/L), centrifuged and separated from blood cells,
as described elsewhere in detail [19]. Plasma aliquots were
stored at —80 °C until lab analysis.

Potential meat intake biomarkers were measured in 294
plasma samples as only for those participants sufficient
plasma volume for the lab analysis was available.

Targeted LC-MS/MS amino acid measurements

Quantitative amino acid analyses were performed using
targeted LC-MS/MS based on the method described by
Harder et al. [20]. Briefly, plasma samples (10 ul) were
dissolved in 500 pl ice-cold methanol containing an internal
standard mixture of 16 deuterated amino acids, derived
from ChromSystems (Grifelfing, Germany), Cambridge
Isotope Laboratories (Tewksbury, MA, USA), and Sigma-
Aldrich (Taufkirchen, Germany). Samples were centrifuged
(10 min, 10°C, 4000 x g) and supernatants containing the
extract were evaporated to dryness under nitrogen. In the
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second step, amino acids in the dried samples were deri-
vatized to their butyl esters, as described by Gucciardi et al.
[21]. Briefly, a mixture of 95% n-butanol and 5% acet-
ylchloride (v/v) was added to the dried samples. Subse-
quently, the samples were incubated at 60 °C for 15 min at
600 rpm (Eppendorf Thermomixer Comfort; Eppendorf,
Hamburg, Germany). The derivatized samples were dried
and reconstituted in a 300yl mixture of methanol/water/
formic acid (70/30/0.1% v/v).

The analysis was performed on a triple quadrupole
QTRAP 5500 LC-MS/MS system operating in positive ESI
mode (AB Sciex, Framingham, MA) equipped with a
1200 series binary pump (Agilent, Santa Clara, CA) and
coupled to an HTC pal autosampler (CTC Analytics,
Zwingen, Switzerland). Chromatographic separation was
achieved using a Zorbax Eclipse XDB-C18 column (length
150 mm, internal diameter 3.0 mm, particle size 3.5 pm;
Agilent). Eluent A consisted of 0.1% formic acid, 2.5 mM
ammonium acetic acid, and 0.005% heptafluorobutyric acid
in water. Eluent B consisted of 0.1% formic acid, 2.5 mM
ammonium acetic acid, and 0.005% heptafluorobutyric acid
in acetonitrile. Analytes were measured in scheduled mul-
tiple reaction monitoring (SMRM). For absolute quantifi-
cation, a 10-point calibration was performed, using a
mixture containing all amino acids in the measurement
(A9906 amino acid standards, Sigma-Aldrich, Taufkirchen,
Germany). Data analysis was done using Analyst 1.5.1°
software (AB Sciex).

Intra-day and inter-day precisions for [I-MH and T-MH
were evaluated using ClinCheck® control plasma samples
(Recipe, Miinchen, Germany). Since these control plasma
samples do not contain measurable concentrations of
anserine and carnosine, we additionally obtained human
plasma samples from individuals collected within a time
frame of 24 h after meat intake, and evaluated the intra-day
and inter-day precision for anserine and carnosine in these
samples. Except for low levels of anserine, coefficients of
variation for the precision were within 20% for the analytes
studied here (Supplementary Table 1). Accuracies were
between 77 and 119% for low levels and between 87 and
104% for high levels. Except for low levels of anserine,
sample peaks showed signal-to-noise values above 9,
defined as lower limit of quantitation.

Statistical methods

From three 24-h dietary recalls a weighted (for weekday and
weekend day) mean value for every food group or subgroup
was derived representing the usual intake in g/day of the
respective item. The following food groups and subgroups
were used in the present study: “all meat and meat pro-
ducts”, “red meat” (sum of beef, pork, and other rarely
consumed fresh meat, as wild, lamb etc.), “beef”, “pork”,

“beef and pork™, “poultry” (sum of chicken, turkey, ducks,
goose, etc.), “chicken”, “turkey”, “processed meat”, “fish
and shellfish”, “egg and egg products”, “milk and dairy
products”.

For the descriptive analysis, BMI (kg/m?), age of parti-
cipants (years) and total energy intake (kcal/d) were ana-
lyzed as continuous variables. Smoking status was
described as “smoker”, “ex-smoker” and “non-smoker”.
Socioeconomic status was assessed by household net
income, educational level of the one who was interviewed
and career position of the principal earner. It was categor-
ized into low, low-medium, medium, medium-high, and
high, based on the sum score derived from the single
variables. The descriptive analysis of main characteristics of
the study population was conducted separately for men and
women. We report median and interquartile ranges or
absolute numbers and relative frequency as appropriate.

To describe differences of non-normally distributed
plasma concentrations of anserine, carnosine, II-MH, T-
MH, and the ratio of T-MH to II-MH across categories of
sex, age, BMI, smoking, social class and physical activity,
we report geometric means and 95% CI instead of arith-
metic means and standard deviations. Geometric means
were obtained by fitting models with PROC GENMOD
using log-transformed plasma concentrations and trans-
forming the estimates derived from the model. For this
purpose, BMI was categorized into quartiles and age into
three groups (“<40 years”, “40-60 years”, “>60 years”). All
bivariate models were adjusted for (continuous) age and
sex. When examining BMI, we additionally adjusted for
total energy intake. When smoking was examined, (con-
tinuous) BMI was added as adjustment variable. Physical
activity was categorized as either “active” or “inactive” (no
regular sports activity). The p-trend was derived based on
integer scores assigned to the categories of sex, age, BMI,
smoking, social class, and physical activity.

Further, we examined the relationship of plasma con-
centrations of anserine, carnosine, II-MH, T-MH, and the
ratio of T-MH to II-MH with food intake: geometric means
for categories of food intake were derived by fitting linear
models using log-transformed plasma concentrations. The
categorization of the food items was done with respect to
the intake data. The food groups “all meat and meat pro-
ducts”, “processed meat”’, and “milk and dairy products”
were each grouped in quartiles whereas”red meat”, “pork”,
“beef and pork”, “poultry”, “fish and shellfish”, and “eggs
and egg products” were grouped into three groups defined
by non-consumers and the consumers divided by their
median value. For a small group of food items (“beef”,
“chicken”, and “turkey”) only consumers and non-
consumers were discriminated. As adjustment variables,
only age, sex, and BMI were included, as for smoking,
social class and physical activity no significant associations
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were detected. The p-trend was derived based on integer
scores assigned to the categories of food intake.

In addition, we performed a non-parametric comparison
of the consumption of “all meat and meat products”, “milk
and dairy products”, “fish and shellfish”, and “eggs and egg
products” across groups defined by the quartiles of all
biomarkers. When the Kruskal-Wallis test indicated overall
significant differences (p <0.05), Dunn’s post-hoc test was
subsequently carried out. These analyses were restricted to
the consumers of the respective food groups.

All statistical analyses were performed using SAS soft-
ware, Version 9.3 of the SAS System for Windows
(Copyright © 2002-2010 SAS Institute Inc.).

Results

The present study included 101 (34.4%) men and 193
(65.7%) women. The mean age of the participants was 54
years in men and 44 years in women. On average, men had
a higher BMI and a higher energy intake compared with
women. Further baseline characteristics of the study parti-
cipants are shown in Table 1, stratified by sex. Mean intake
of milk and dairy products was higher in women (170 g/d)
compared with men (106 g/d), whereas total meat intake in
men (157 g/d) was much higher as compared with women
(91 g/d). Descriptive data on all analyzed dietary intake of
food groups and subgroups in gram per day are presented in
Table 1. Plasma biomarker concentrations range from
0.0771 uM for anserine in men and 0.0544 uM in women to
1590uM for T-MH in men and 12.33uM women,
respectively.

Anserine, II-MH, and the ratio of T-MH to II-MH
plasma concentrations did not differ by sex. In contrast,
carnosine and T-MH concentrations were higher in men as
compared to women (Table 2). Plasma concentrations of
anserine, T-MH and II-MH were associated with BMI
whereas only T-MH was significantly associated with age.
Consequently, all following analyses were adjusted for sex,
age, and BMI. Smoking, social class and physical activity
were not associated with any potential meat intake marker,
and thus not further considered.

Plasma anserine, camosine, and II-MH concentrations
significantly increased with higher total meat intake whereas
the ratio of T-MH to II-MH plasma concentrations decreased
(Table 3). Red meat intake was significantly positively related
to plasma concentration of carnosine and II-MH. Beef or pork
consumption did not show any significant association,
whereas the sum of beef and pork intake significantly affected
anserine and carnosine plasma concentrations. With higher
processed meat consumption, plasma anserine concentrations
significantly increased. Furthermore, II-MH and the ratio of
T-MH to II-MH plasma concentrations differed by intake of
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Table 1 Dietary and lifestyle characteristics and plasma biomarker
concentrations by sex

Male Female
n (%) 101 (34.4) 193 (65.7)
Age (years) 54 (41, 63) 44 (36, 57)
Food consumption (g/d)
Milk and dairy 105.8 (57.8, 170.1 (80.6,
products 195.9) 289.7)
Milk 20.6 (0, 99.3) 57.8 3.7,
144.3)
Cheese 27.3 (8.6, 48.6) 23.2 (9.8, 38.9)
Total meat 157.4 97.1, 91.1 47, 135.6)
223.9)
Red meat 31.7 (0, 89.2) 254 (0, 55.7)
Beef 0 0, 0) 0 0, 0)
Pork 0 (0, 66.1) 0 0, 37.7)
Beef & pork 23.6 (0, 78) 13.9 (0, 48.9)
Poultry 0 0, 15) 0 (0, 10.5)
Processed meat  79.4 (40.7, 38.1 (14.9,
120.7) 68.3)
Fish & shellfish, 0 (0, 23.8) 0 0, 17.8)
Eggs & egg 0 0, 17.4) 0 0, 17.1)
products
Total energy 2298 (2003, 1798 (1499,
intake (kcal/d) 2643) 2073)
BMI (kg/m?) 26.4 (24.3, 24.6 (22.4,
28.8) 28.3)
Smoking status, n (%)
Never 41 (40.6) 124 (64.6)
Former 33 (32.7) 38 (19.8)
Current 27 (26.7) 30 (15.6)
Social class, n (%)
Lower 10 9.9) 29 (15)
Lower-middle 23 (22.8) 48 (24.9)
Middle 32 (31.7) 63 (32.6)
Upper-middle 17 (16.8) 41 (21.2)
Upper 19 (18.8) 12 (6.2)
Plasma biomarker concentrations (uM)
Anserine 0.0771 (0.018, 0.0544 0.014,
0.295) 0.254)
Carnosine 0.0153 (0.011, 0.0103 (0.007,
0.022) 0.015)
11 -MH 1.940 (1.090, 1.540 (0.750,
4.120) 3.990)
T-MH 15.90 (13.20, 12.33 (10.13,
18.37) 15.53)
T-MH to IT -MH 2.165 (1.315, 2.230 (1.226,
2.708) 2.822)

Values are n (%) or median (IQR)

total poultry and of chicken. In contrast, consumption of
turkey was positively associated with plasma anserine con-
centrations. The potential meat biomarkers were, in general,



Plasma concentrations of anserine, carnosine and pi-methylhistidine as biomarkers of habitual meat...

(S0"0 > onea-d) synsar JuedoyruSIs JedIpul SIdQUINU Pog

898€°0 1L29°0 £0€€°0 ¥10T°0 9€55°0 puen-4
(T€'8 “S0'9) 60L  (T9¥I “6TED) ¥6'€1 (TET LT L6'T (€10°0 ‘TT0°0) 2100 (TS0'0 ‘680°0) 890°0 QANOY
(66°L ‘68'%) ST9 (TSt ‘cTeD) ¥orl (B6°TLLT) 8T'C (910°0 ‘TT0°0) $100  (611°0 “2S0'0) 6L0°0 aanoeu]

K)1Anoe Ted1SAYq

S06L°0 LLEEO 7S65°0 S198°0 £8€°0 puen-4
(L6'8 ‘VOD) 709 (9v'ST ‘T'CD) eLer (SPe‘1S'D 8T'C (910°0 ‘10°0) 2100 (SPI°0 “LE0'0) ¥L00 Toddn
(9L°6 ‘9¢°S) €L (6S°ST ‘SOED) 9Tv1 (69T S¥'T) L6'T (S10°0 ‘10°0) 2100 (STI'0 ‘9%0°0) 9L0°0 S[pprur soddp
(81°6 “LL'S) 8TL  (6v'v1 ‘ToTD) ser (9T orD 98'T (ST0°0 ‘110°0) €100 (€80°0 ‘L£00) 9500 SIPPIN
(61°6 ‘¥ES) 10L  (TEST ‘€0En) €TyT (L9TTSD) 0T (ST0°0 ‘TT0°0) €100 (SOT'0 ‘€¥0°0) L90°0  Q[PPIW ToMO]
(€€'8 °L6°E) SL's (9691 ‘19°€D) 61°ST  (88°€ ‘6L'T) ¥9°C (ST0°0 600°0) 2100 FvT'0 *L0°0) 0€1°0 Tomo

SSe[J [e100S

1089°0 €€96°0 81890 €L19°0 69160 pusn-g4
(8€°01 °L9°S) LYL  (LL'ST ‘ST'ED) Wyl (LSTLETD) 881 (S10°0 ‘T10°0) €100 (STI'0 ‘SH0°0) SLO0 juaLIn)
(I'8 ‘8L'Y) 9 (LYl CLeeD) 8cel (€8T V9 1) Sz (€10°0 ‘9600°0) 1100 (860°0 ‘v0°0) €900 JouLioq
(€28 ‘€9°6) 189 86'+1 “v'ED) LTYT (€STILT) 80'C (S10°0 210°0) €100 (10T°0 ‘€50°0) €L0°0 ToroN

Sunjowrg

1LT1°0 9800°0 $920°0 €080°0 7200°0 pusn-g
(+9'8 ‘66'1) LS9 (LELT ‘SLYD) €091  (bT'€e8'D) e (9100 ‘T10'0) €100 (09T°0 ‘€01°0) ¥91°0 G'8C%
(189 ‘60't) Lrs eyl ‘cee 81°€T  (9T°€ “T6'T) ST (S10°0 “1T0°0) €100 (L8070 9£0°0) 9600  S$'87> 01 #'GCR
(#8°01 ‘T¥'9) v€8  (TO'ST “L8°CD) 06€T  (61CT°LTT) L9T (S10°0 ‘010°0) 2100 (€80°0 ‘+£0°0) €500  ¥'ST> 01 6'TCR
(LT°0T “98°S) oLrL  (@¥¥l “TTel) 8T¢€l (62T 8T'1) L1 (€10°0 ‘600°0) 1100 (L80°0 ‘+£0°0) #S0°0 67>

(;w/3Y) INd

79€5°0 S6£0°0 866°0 o 18L0°0 puon-4
(T8 “90°6) €69 (IS9T “LT¥D €61 (S0°€ ‘08T vET (#10°0 ‘010°0) 2100 (980°0 ‘9€0°0) 9500 092
(68°6 ‘61'9) 108 (OF¥T ‘STl LSET (1T 9¢T) 69'1 (#10°0 ‘010°0) 7100 (#60°0 ‘S+0°0) $90°0 09> 01 0fR
(SS°L ‘99) €6'S  (09%I v9°CD) 6S€T  (F6'T 8L'T) 6CC (910°0 ‘210°0) 100 (#¥1°0 ‘¥90°0) 960°0 or>

(K) a3y

£TY6°0 LTI0°0 7S0%°0 7000°0 00€°0 puen-4
(T1°8 ‘6L°S) 989  ($9°€T ‘¥ETD) 86°CI (€T9D 68’1 (110°0 ‘600°0) 0100  (180°0 *9+0°0) 1900 UOWOM
(S8'8 “#17'S) 69 (TTIT “TOVI) 80°CT Q7LD L1'T (810°0 ‘€10°0) S100 (€210 ‘€50°0) 1800 N

xom

1D %S6 uedW ‘WOdN) 1D %56 UBIW "WO3D) 1D %S6 UBIW "WOJD) 1D %S6 UBIW "WOJN) 1D %S6 UBdW "WOJN)

(M) HAFLL 0 HIN-L

(M) HN-L

(M) HN-LI

(AM) Qursoure)

(M) sumesuy

Ananoe [earsAyd pue ‘sse[o [eroos ‘Supjowss ‘[ING ‘93e xas Aq oner HIN-L 03 HIN-1I Pue ‘HIN-1I ‘HIN-L ‘QUISOuIed ‘QULIdsUe JO SUOnenuaduod ewseld Jo suedw OLIOWOdD) ¢ d|qel

SPRINGER NATURE



P. Mitry et al.

(85°G ‘6627 80t  (8L'ST ‘SO'ED) Serl  (98'% ¥ se (8100 ‘T10°0) S100  (#¥1°0 ‘6¥0°0) ¥80°0 SOA
(L8 ‘¥S'9) 9S'L  (6S¥1 “9€°€T) 96'€T  (STT6S'T) S8l (€10°0 ‘1T0°0) 2100 (680°0 ‘¥S0°0) 690°0 ON
L= Bltte)
90000 §T€9°0 9000°0 60500 6210 qPUdD-d
(679 ‘61°¢) 87y (T9°ST ‘0L'TD) 60T (8'¥ ‘170 sre  (L10°0 ‘#10°0) 1100 (€ET°0 ‘TH0'0) SLO0 TYR
(L1rL9¢) 80°C (€791 ‘9T'ED) 9v1  (CI'v ‘107 88C (61070 ‘910°0) €100 (0170 ‘S90°0) LIT0 Tyy> 01 0<
(T6°SL9) 88°L  (8S¥T ‘LTED 16€1 (LOT0S'T) LL'T (€10°0 ‘CT0°0) 1100  (#80°0 ‘6%0°0) ¥90°0 0
Annog
SLOE0 101T°0 €¥81°0 1800°0 S120°0 qpuen-4
(I18°L ‘08) 719 (T9ST “IS°ED) €Syl (S0°€ v8'D LT (L10°0 T10°0) S100  (LST0 ‘690°0) Y01°0 9'TS=
(9€°6 “09°S) ¥TL  (8%'ST “6TET) sevl (65T TSD 86'T (S10°0 ‘1T0°0) €100 (801°0 ‘9%0°0) LOO 976> 01 0<
(FL'8 ¥8°C) SU'L  (WEVI TL'TD) Sel (€E€TESD) 68’1 (€100 ‘T0°0) 1100 (8L0°0 ‘6£0°0) SS0°0 0
yiod-joog
STIT0 ¥91°0 82500 1291°0 I€11°0 QPuRn-g
(61°L ‘81'Y) 8v'S  (E¥ ST ‘ereD) YTyl (PrE 96°1) 09T (9100 ‘T10'0) €100 (€€1°0 ‘Tv0'0) SLOO ['L¥=
(686 “SS°S) Sov'L  (TS9I ‘16°€D) 91'S1  (9LT TS S0z (L10°0 “TI0°0) 100 (01T°0 ‘S90°0) 7100 ['Ly> 01 O<
(9L'8 ¥1°'9) ce’L  (0gvT “L8TI) LSEl  (€TTPSD 68’1 (€100 ‘110°0) 2100 (180°0 #+0°0) 0900 0
j10d
91980 ¥$66°0 6L98°0 LSOT0 758500 qpuan-¢
(L1°6 ‘TES) 669 (ITST ‘P6'CD) oyl (99'C ‘TS 1) 10C (L10°0 TIO'0) 100 (991°0 ‘990°0) S01°0 SoX
(6L ‘€8°S) 089 (6971 ‘O €T) vl (@rT L) 90c (€100 ‘TT0°0) 2100 (2800 ‘6%0°0) €900 ON
Joog
75010 7€91°0 €610°0 8200°0 #0800 QPUSD-d
(ST°L ‘¥SH) LS  (BFST8°ED) ! (T€ ‘000 €6 (L10°0 ‘€10°0) S100  (TFT°0 ‘960°0) $90°0 6=
(9L°6 ‘109) 99°'L  (6T'ST ‘TTEN) iyl (68T ‘P T) 98'1 (#10°0 ‘010°0) 2100 (#6070 €90°0) w00 76> 01 O<
(LT6°L6°S) vrL @y v9TD) 0S€T  (8TTS¥'1) 81 (€10°0 ‘100°0) 1100 (98070 ‘650°0) 700 0
Jeawl pay
6S00°0 LLTO £00°0 9100°0 $000°0 qPuan-d
(169 ‘11'%) €e’s  (19°ST ¥e€n) eyl (SS°€ °L0D) e (6100 ‘v10°0) 9100  (8L1°0 ‘SLO0) SIT0 TS91=
(1¢€°8 ‘68'1) 8¢9  (6T°ST ‘0D Iyl (16T 89°1) 1T (€100 ‘600°0) 1100  (TIT°0 ‘9%0°0) TLO0  TS9I> 0 911R
(Ly'0T “LT'9) 0’8  (€0°ST “T8°CI) 88°¢T  (LTTIET) eLT (¥10°0 ‘10°0) 2100 (LIT0 ‘8%0°0) SLO0  #'9TT> 0 L'$6=
(L¥'1T1 °69'9) €L (TLYI ‘S¥T) ¢ser (90T °LT'D SS'T (€10°0 ‘600°0) 1100 (€50°0 ‘120°0) £€0°0 L'yS>
jedwl [V

ID %S6  UedN "WooD ID %S6  UEdN "WO0dD) ID %S6  ,UBdA "WO03D ID %S6 L UBdA W00 ID %S6  Uedw "wWoan

(M) HNFLT 0 HIN-L

(M) HN-L

(M) HIN-LI

(AM) Qursoure)

(AM) Qumesuy

(p/3) eyug

ysy pue s332 ‘sjonpoid Aiep 29 yrw ‘yedw jo uonduwnsuod £q onel HIN-L 03 HIN-LI Pue ‘HIN-1I ‘HIN-L ‘QUISOUIed ‘QULIdSUE JO SUONenuaduod ewse[d Jo suedw OLIOWOdD) € d|qel

SPRINGER NATURE



Plasma concentrations of anserine, carnosine and pi-methylhistidine as biomarkers of habitual meat...

[9POW UOISSISaI Jeaul] Y} UL AYEIUL POOJ JO SILI0SAIED 10} $II00S J2F3)UL BUISN PAjONPUOd Udm Puly I0J SIS,

[N pue ‘19puag ‘a8e 10J paisnipe,

[BAISIU] SOUIPYUOD) %G6 [ %S6 ‘SUBIW OLIOUWIOAD) UDIPY “UI0IL)

(S0’0 > an[ea-d) synsar JuedoyIugIs 2JedIpUl SIaqUINU plog

7919°0 95060 LES90 10ST°0 8Y20°0 qPUaD-d
#9'8 ‘¥0°S) 099 (86'%1 ‘SLCTT) I8€T (8L°C 8S'D) o1z (S10°0 ‘T10°0) 0100 (9L0°0 ‘1€0°0) 8100 0LT=
¥T6 ‘St'S) 01'L  (LT'ST *96°CT) 0vT (09T 0S'T) 86'T (€100 ‘T0°0) 1100 (811°0 ‘6%0°0) 9L0°0 0LT> 01 8'6¥1%
(901 ‘S€'9) €78 (L6'ST ‘69°€T) 6LYT  (SETLET) 08’1 (#10°0 ‘010°0) 2100 (16070 ‘8€0°0) 6500  8'6¥I>0191/2
(6L ‘Ov'Y) 0L's  (8S¥1 ‘6t'Cl) 0S'€r  (01°€ ‘18T LT (L10°0 T100) 100 (LLT'0 ‘vLO'0) yIT°0 9'1L>
syonpoid Axrep pue i [V
89760 8008°0 12,80 TLTS 0 75060 qpuen-g
(SE'8 “19'%) 079  (6¥'ST ‘96°CI) LI¥T (1€ °89°D) 6CC (#10°0 ‘10°0) 6100  (LTI'0 ‘SY0°0) 9L0°0 €612
(9901 ‘92°9) LT'8  (OL¥T ‘€STD) LS €T (61T 9T'T) 99'1 (S10°0 ‘110°0) 2100 (910°0 ‘€¥0°0) 890°0 €61> 01 (<
(8L 6°S) LS9 (F6'¥1 ‘PP ED) LT¥1T (09T 08D 91T #10°0 ‘T10°0) €100 (960°0 ‘850°0) 1L0°0 0
s339
¥SST0 6¥SL°0 8S€T°0 $09°0 S0LO0 qpuRn-d
(I5°L “T6°¢) WS (SSST “6LTT) 0T+1  (S9°€ ‘98°1) 09C¢  (¥10°0 ‘600°0) 1100 (€L0°0 ‘+20°0) w00 9'6¢=
(6501 TS°S) 9L (SL'ST ‘S6°CT) 8Tl (29T ‘e T) L8] (L10°0 ‘110°0) 100 (SE1°0 ‘SH0°0) LLOO 9'6e> 0} 0<
(678 ‘66°S) oL (F9¥I ‘6TET) S6€l  (4€TLOD) 66T (#10°0 ‘110°0) €100 (0100 ‘090°0) 6L0°0 0
Ustd
€L9L°0 TLLO LTILO 69610 $200°0 QPUSD-d
(108 “8L'1) 619  (P¥'ST ‘TTED 6Tl (TOE“LLT) 1€ (#S10°0 ‘110°0) €100  (L1°0 ‘'TLO0) I11°0 9'68%
(€01 ST'9) 86'L  (#0'ST ‘L8°TD) I6€1  (8TTee’D) vL'1 (S10°0 ‘1T0°0) €100  (660°0 ‘TH00) ¥90°0 968> 01 (0=
(828 ‘18°%) 1€9  (L6'PT “TLTT) 08°¢T (6T 591 61C  (ST0°0 ‘010°0) 2100 (8ET°0 ‘SS0°0) L80°0 06> 01 €'1¢=
(€€°6 6£°S) 60'L  (9T°ST ‘S6'CD) SO¥T (49T ‘6¥'D) 86'T (€71°0 ‘010°0) 2100 (LS00 9TT0) 9¢0°0 1>
jeawr passadold
GL800 LLESO LYLO0 ST0v°0 €LV0°0 qPUan-d
(€€°L “15°¢) LOS  (90°9T ‘L8'TD) 8cvl  (ST'¥‘€6'T) €8'C  (L10°0 ‘T10°0) 100 (LET'O ‘690°0) LTT0 SOX
(828 ‘61'9) o1'L (91 ‘8€°€D) L6'ET  (LTT89'T) S6T  (SET00 ‘T10°0) 2100 (€80°0 ‘150°0) $90°0 ON
Koyng,
€000°0 #109°0 €000°0 €850 LTOS0 qPUaD-d

ID %S6  UEdN "WOo2D) ID %S6  (UBSA "WO3D 1D %S6  (UBSN "WO03D 1D %S6  UBSN "WOdD ID %S6  Uedwl "woan

(M) HNFLT 0 HIN-L

(M) HN-L

(M) HIN-LI

(JAM) Qursoure)

(AM) Qumesuy

(p/3) oYeyug

(panunuoo) € 3jqe]

SPRINGER NATURE



P. Mitry et al.

Table 4 Comparison of

consumption of all meat, milk All meat Milk and dairy Fish Eggs
and dairy products, fish and products
shellfish and eggs and egg N Meanrank N  Meanrank N  Meanrank N  Mean rank
products by plasma biomarkers
(in quartiles, based on all Anserine (uUM)
available measurements) Q1: <0.0152 72 108.22° 78 16297 33 48.44 32 6681
Q2: 20.0152 to <0.0598 70  159.64° 70 144.43 21 4736 30 67.12
Q3: 20.0598 to <0.272 72 141.78° 69 127.81 19 53.29 36 61.24
Q4: >0.272 72 164.81° 72 142.56 21 4093 29  61.10
p=10.0001 p=0.0861 p=0.5489 p=0.8523
Carnosine (uUM)
Q1: <0.008 74 104.81* 78  158.03* 26 54.71 31 6555
Q2: >0.008 to <0.012 68  141.60° 70 154570 22 46.05 35 6597
Q3: 20.012 to <0.018 75  147.88%¢ 69 145.13*° 27  39.98 30 60.07
Q4: 20.018 69  182.11° 72 121.03° 19 50.00 31 64.03
p <0.0001 p =10.0380 p=0.2517 p=0.9189
II-MH (uM)
Ql1: <0.9 71 120.37% 75 159.77 25 4174 30 56.30
Q2: 209 to <1.6 69  146.127° 70  141.34 22 48.00 37 6138
Q3: 21.6 to <4.1 73 142.12%° 73 140.04 21 5093 32 7473
Q4: >4.1 73 164.90° 71 138.11 26  49.85 28 6345
p=0.0145 p=0.3595 p=10.6489 p=0.2360
T-MH (uM)
Q1: <10.8 70 117.78% 71  153.89 19  49.55 35  65.69
Q2: 210.8 to <13.6 69  129.33%¢ 73 159.58 29  42.69 29 5255
Q3: 213.6 to <16.9 74 154.85°¢ 73 136.36 21 40.69 34 69.00
Q4: 1His>16.9 73 170.05° 72 130.21 25 57.24 29 6755
p =0.0005 p=0.1087 p=0.1382 p=0.2847
T-MH to TI-MH (uM)
Ql: <1.248 73 163.82° 71 141.89 27  49.57 30 60.02%°
Q2: >1.248 to <2.166 72 135.97%° 73 14145 22 50.68 32 77.98*
Q3: 22.166 to <2.767 72 150.90*° 72 145.29 23 4474 38 64.97°
Q4: >2.767 69 122.14° 73 151.28 22 44.66 27 50.48°
p=0.0171 p =0.8866 p=0.8182 p=0.0339

Mean ranks and and p-value of Kruskal-Wallis test are reported. Letters indicate groups identified by Dunn’s
post-hoc test (alpha =0.05). Only consumers are included in the respective analysis. All group sizes are

reported
Q Quartiles

Bold numbers indicate significant results (p-value < 0.05)

not related to the intake of eggs, fish or dairy food. However,
there was a significant inverse association between plasma
anserine concentrations and dairy food consumption. Such an
inverse trend did not reach statistical significance in the case
of fish consumption.

The Kruskal-Wallis test revealed significant differences
of the consumption of “all meat and meat products” across
quartiles for all biomarkers investigated (Table 4). The post-
hoc test showed group differences among the lower and
higher quartile groups. The consumption of “milk and dairy
products” was only significantly different across carnosine

SPRINGER NATURE

quartiles, whereas consumption of “eggs and egg products”
differed only across quartiles of the T-MH to I1-MH ratio.
These results give reassurance to the findings provided in
Table 3.

Discussion

In the present study, we examined associations of the usual
dietary intake and biomarkers measured in plasma. We
observed a statistically significant association between total
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meat intake and plasma concentrations of anserine, carno-
sine, II-MH and the ratio of T-MH to II-MH. Red meat
intake was significantly related to carnosine and II-MH
plasma levels. Plasma concentrations of [I-MH were sig-
nificantly related to poultry and chicken intake. The highest
mean anserine concentrations were found in individuals
consuming processed meat or turkey. For T-MH, we did not
observe any association with meat intake.

Red meat, poultry, and fish contain significant amounts of
carnosine and its derivatives. Therefore, diet is the main
source of carnosine and its derivatives in men [22]. It has been
reported 150 g of beef contains 343.4 mg carnosine and 150 g
of chicken contains 322 mg carnosine [23]; however, infor-
mation about absorption and bioavailability of histidine-
dipeptides in human is still inadequate. The dietary
histidine—dipeptides carnosine and anserine are rapidly
hydrolyzed by carnosinase in plasma and excreted in urine. In
total 85-90% of dietary anserine intake is eliminated as II-
MH in urine in human [24]. T-MH is a degradation product of
actin and myosin, which are the main proteins found in the
striated muscle filaments. T-MH is liberated from these pro-
teins in the gut after meat intake [3] and excreted mainly in
urine. T-MH reflects muscle catabolism and muscle mass. A
considerable variation in circulating T-MH was observed after
consuming the same diet between participants [25]. On the
other hand, II-MH is a potential good biomarker for meat
intake because it is not affected by muscle mass and activity
[26]. To take this potential influence into account, we asses-
sed the bivariate associations of plasma concentrations of our
biomarkers with physical activity. No significant associations
were found in our study. All analysis were adjusted for BMI,
which can at least partly correct for muscle mass, as we found
significant associations with our biomarkers investigated.
Therefore, we believe that our detected association with meat
intake reveals that [I-MH is in fact a marker for meat intake.

Several studies attempted to identify objective bio-
markers of meat intake in urine [12, 24, 27, 28] and fewer
studies examined plasma or serum samples for meat bio-
markers [14, 23, 28-30]. Most studies were intervention
studies, e.g., [23, 28, 30] and had comparable analysis
methods [23, 28]. To the best of our knowledge, no study
has yet examined the association between usual dietary
meat intake and plasma carnosine, anserine, T-MH or II-
MH concentrations in a cross-sectional study.

Both anserine and carnosine content is highly variable in
different types of meat [3]. Both compounds are likely to
serve as generic indicators of total meat intake rather than
specific quantitative biomarkers as they cannot differentiate
between the types of meat that have been consumed.
However, some studies suggest that anserine concentrations
in urine can be used as a specific biomarker for chicken
intake [28, 31]. Yeum et al. [23] analyzed serum anserine
concentrations and found anserine serum levels as a marker

for chicken intake rather than beef intake. They reported
that anserine concentrations in plasma were well detectable,
and concluded that the methyl group lowers the affinity of
the histidine dipeptides for the carnosinase enzyme,
enhancing its blood (serum) stability. However, we did not
find any association between chicken intake and anserine
plasma level. This could be due to the short elimination
half-life of dipeptides [14], as anserine should be a specific
biomarker for chicken consumption like II-MH. The
reported half-life of anserine is 32 min [23], though others
indicate half-life of 4h [3]. Further, our finding of an
inverse relationship of the consumption of milk and dairy
products and fish with anserine concentrations most likely
represents a substitution effect, i.e., a lower meat intake in
individuals with a high consumption of dairy food or fish.

We did not observe any association between carnosine
plasma concentration and beef consumption in contrast to
the findings of Park et al. [30]. The peak plasma con-
centration of carnosine was reached after 2.5h of beef
consumption, and after 5.5 h of beef consumption carnosine
was not detectable anymore [30]. Since we aimed to capture
usual dietary intake habits, we did not measure carnosine
plasma concentration directly after beef consumption and
therefore, most likely, we missed the carnosine peak. Other
reasons that can lead to carnosine disappearance in blood are
the rapid uptake of dipeptides into tissues or hydrolysis of
carnosine by carnosinase [31]. Because the carnosine plasma
concentration depends on the amount of carnosine con-
sumed [30, 31], our sample is likely to show on average low
carnosine levels as beef is not regularly consumed in
Bavaria, compared with other types of meat [32]. Carnosine
has been detected in urine after fish consumption showing an
association between carnosine urine concentration and fish
intake [24]. However, we did not observe any significant
association of carnosine plasma levels and fish consumption.

In line with our results, Yeum et al. [23] reported that
carnosine plasma levels were not significantly associated
with beef or chicken consumption. They suppose that the
carnosine metabolic pathway differs according to the diet-
ary source in humans. For example, beef may have com-
pounds such as carnosine inhibitor or peptides that compete
with carnosine in the hydrolytic process, which may stabi-
lize carnosine in serum.

In plasma, II-MH has been found to be the best marker
for chicken intake and II-MH levels are increased as well
after consumption of red meat and processed meat [28, 33].
This is in good accordance with our findings since we
observed additional associations with poultry and all meat
food group, although no association with consumption of
processed meat was found. Associations of meat and
chicken consumptions and II-MH levels have been found in
urine as well [25, 28]. TI-MH is a short-term biomarker
especially for chicken intake rather than describing the

SPRINGER NATURE
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usual intake [28]. The use of T-MH as a biomarker for meat
intake has been investigated in urine as well as in plasma.
Cross et al. found a significant increase of T-MH levels in
urine after red meat consumption [25], however Dragsted
argued that T-MH is not a marker of a specific kind of meat
[3]. Furthermore, Cheung et al. did not observe any asso-
ciation neither in urine nor in plasma [28]. This is in line
with our result of no significant association of dietary intake
and T-MH plasma levels. One study reported that 1-MH
and 3-MH half-lives were 11.7 and 12.6h [12].

Urine analyses are less accurate compared to analyses in
plasma samples because human muscle catabolism con-
sistently contributes to urinary excretion of T-MH [3].
Fasting T-MH plasma levels are low as after T-MH intake
from meat, dipeptides are rapidly excreted in urine [14].
Further, a reason for not obtaining any significant T-MH
plasma concentration could be that the frequency of red
meat, beef or pork consumption by participants in the BVS
IT was possibly too low to show a stable association with
plasma concentrations of T-MH. The median intake of beef,
pork or even poultry was 0 g/day.

Strength and limitations

The analytic method used to quantify anserine, carnosine,
I[I-MH and T-MH in plasma samples is state of the art with
a fairly low limit of detection, which has also been applied
in other recent studies [23, 28]. Our results are based on 294
plasma samples available of the BVS II study participants
who completed three 24-h dietary recalls. Although this is
not a random subsample of the BVS II study participants, a
differential bias seems unlikely.

Three 24-h dietary recalls are efficient to determine
dietary intake at the population level. The use of 24-h dietary
recalls is the preferred dietary assessment method, since
several studies reported its good relative validity and mea-
surement properties [34—36]. We applied weighting factors
to account for consumption differences depending on the
day of the week. Yet, some food subgroups such as pork and
beef are rarely consumed. For that reason, this study had a
limited capacity to assess statistically the particular effect of
specific meat subgroups consumption on the related meat
intake biomarkers in contrary to the food group of total meat
consumption. As we did not assess dietary intake on the day
or the day before blood collection, we cannot assess short-
term biomarkers of intake of rarely consumed foods.

Conclusion

In conclusion, results of this study indicate an association
between meat consumption and plasma concentration of

SPRINGER NATURE

anserine, carnosine, [I-MH and the ratio of T-MH to II-MH.
For epidemiologic studies that did not collect urine samples,
these could be valid biomarkers for meat intake. Further
investigations of the use of these biomarker combinations as
indicators of specific types of meat consumed are needed. In
addition, intervention studies should clarify whether the
analyzed plasma metabolites are indicative for a specific
type of meat.

Data availability

The datasets generated and/or analyzed during the current
study are not publicly available due ethical considerations
(informed consent) but are available from the corresponding
author on reasonable request.
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