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Nulliparity is associated with intra-uterine growth retardation and foal delayed catch-up growth. Older
mares produce larger/taller foals than the precedents. Nursing at conception on foal growth had not been
investigated yet. In any case, milk production conditions the foal’s growth. This study aimed to determine
effects of mare parity, age and nursing on subsequent lactation quantity and quality. Saddlebred mares
and their foals (N = 43) run as a single herd over the same year were: young (6-7-year-old) primiparous,
Keywords: young multiparous, old (10-16-year-old) multiparous nursing at insemination time or old multiparous
Milk barren the previous year. No young nursing nor old multiparous mares were available. Colostrum was

Colqstrum collected. Milk production and foal weight were monitored at 3-, 30-, 60-, 90- and 180-days postfoaling.

Equine The foal average daily weight gain (ADG) was calculated for each period between two measurements.

gitr; 2cids Milk fatty acid (FA), sodium, potassium, total protein and lactose contents were determined. The primi-
1

parous versus multiparous colostrum was richer in immunoglobulin G, with lower production but greater
FA contents in milk. The primiparous foals had a lower ADG for 3 to 30 days postpartum period. Old
mares’ colostrum contained more SFA and less polyunsaturated FA (PUFA) whereas their milk was richer
in proteins and sodium and poorer in short-chain-SFA with a reduced PUFA/SFA ratio at 90 days. Nurs-
ing mares’ colostrum was richer in MUFA and PUFA and late-lactation milk production was reduced. In
conclusion, parity, age and nursing at conception affect mare’s colostrum and milk production and foal
growth and should be considered for broodmares’ management.
© 2023 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

In the context of the Developmental Origins of Health and
Disease (DOHaD), maternal parity has been shown to affect fetal
growth in several species such as pigs [1], sheep [2], cattle, [3] or
humans [4,5]. In horses, it is well-known that a mare’s first foal is

Animal welfare/ethical statement: The experiment was performed at the exper-
imental farm of IFCE (research agreement C1903602 valid until March 22, 2023).
The protocol was approved by the local animal care and use committee (“Comité
des Utilisateurs de la Station Expérimentale de Chamberet”) and by the regional

ethical committee (“Comité Régional d’Ethique pour I'Expérimentation Animale du
Limousin”, approved under N°C2EA - 33 in the national registry of French ethi-
cal committees for animal experimentation) under protocol number APAFIS#14963-
2018050316037888 v2. All experiments were performed in accordance with the Eu-
ropean Union Directive 2010/63EU.
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lighter and smaller than the next ones (reviewed in [6]).

In domestic animals, including horses, parity is often positively
correlated with age. Mare age per se affects foal birthweight with
foals from both very young and very old mares being lighter and
smaller at birth (reviewed in [6]). Studies taking into consideration
both age and parity independently reported that the lighter and
smaller foals born to primiparous, youngest or oldest mares do not

0737-0806/© 2023 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
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catch up to foals born to higher parity, middle aged mares, at least
until weaning [7-9], suggesting that lactation is affected, as foal
average daily gain (ADG) is positively correlated with milk intake
for the first 2 months [10].

Horse’s colostrum is the first feed of the neonate foal. It con-
tains large amounts of immunoglobulins essential for the foal’s
passive immunity (reviewed by [11]) and is characterized by 15% to
18% of proteins while fat and lactose content both ranged between
2% and 4% [12-14]. From 24 hours after foaling, colostrum is pro-
gressively replaced by milk. Protein and fat contents are reduced
in milk compared to colostrum while lactose contents increase up
to 6% [12-16]. Unsaturated fatty acids are predominant (>50%) in
fatty acid (FA) profile from milk of mares on pastures [17]. Both
maternal age and parity seem to have limited, but visible, effects
on colostrum and milk composition but available data are scarce
with few animals involved [14,17-19].

In terms of milk yield, effects of mare’s parity are controver-
sial, partly due to the high variety of methods used for milk yield
estimation (reviewed by [20]). Whereas some authors did not ob-
serve any impact of parity [21,22], others reported a greater milk
production (+1.3kg/d) in the first month of lactation in dams with
a parity of three compared with dams with a parity <2 [18,23].
With regards to age, effects on milk yield are poorly described but
appear nonlinear with a peak production at 7-year-old [20].

Thus, colostrum and milk production are affected by maternal
age and parity but their respective effects remained poorly defined.
In addition, in the equine industry, multiparous mares are often
bred when they are still nursing and the effect of successive preg-
nancies on lactation has not been explored.

The present work aims to better understand the respective ef-
fects of age, parity and nursing at insemination on milk yield as
well as fatty acid, total protein and lactose, sodium and potassium
contents of colostrum and milk in Saddlebred mares.

2. Material and Methods
2.1. Ethics

The experiment was performed at the experimental farm of
IFCE (research agreement C1903602 valid until March 22, 2023).
The protocol was approved by the local animal care and use
committee (“Comité des Utilisateurs de la Station Expérimentale de
Chamberet”) and by the regional ethical committee (“Comité Ré-
gional d’Ethique pour I'Expérimentation Animale du Limousin,” ap-
proved under N°C2EA-33 in the national registry of French ethi-
cal committees for animal experimentation) under protocol num-
ber APAFIS#14963-2018050316037888 v2. All experiments were
performed in accordance with the European Union Directive
2010/63EU.

2.2. Experimental Design

Forty-three Saddlebred mares (French Anglo-Arabian and Selle
Frangais breeds) and their foals were included in this study. They
were raised in the “Institut Francgais du Cheval et de I'Equitation” ex-
perimental farm (Chamberet, France, 45° 34’'55.17"N, 1°4316.29"E,
442m). The experiment took place in 2020. All mares and foals re-
mained healthy during this period.

Mares were classified as “young” when they were <7-year-
old at the time of insemination while 10 to 16-year old mares
were considered “old.” Multiparous mares had already foaled at
least once before the current experiment. Mares were classified as
“nursing” when they were nursing a foal at the time of insemina-
tion. In the nursing group, all mares were inseminated on the sec-
ond heat after foaling and weaning took place when the foal was
6 months of age, that is, the mares had approximately a 6-month
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dry period before the next lactation. Multiparous mares that were
non nursing at insemination in 2019 were mostly purposely not
inseminated during the previous reproductive season. Dry periods
ranged from 1.5 to 4.5 years in this group. To analyze effects of
mare’s age, parity and nursing, mares were allocated to one of 4
groups: Young Primiparous (YP, N = 15), Young Multiparous (YM,
N = 10), Old Multiparous (OM, N = 13) and Nursing Old Multi-
parous (NOM, N = 5). Effect of maternal parity was studied in
young mares through the comparison of YP versus YM, effect of
age by comparing OM versus YM, and the effect of nursing at in-
semination through the comparison of NOM versus OM. Unfortu-
nately, it was not possible to obtain a group of both old and prim-
iparous mares, neither one of young and nursing mares for this
study. Thus, the combined effects of old age with primiparity and
of young age with nursing could not be evaluated. Characteristics
of the mares according to the group are detailed in Table 1.

All mares were used to analyze milk production as well as milk
potassium and sodium concentrations. For technical reasons, how-
ever, not all milk samples from all mares could be analyzed for FA.
Thus, six animals were selected for FA analysis in the YP, YM and
OM groups according to foaling date and mare size in the aim to
maintain homogenous groups. Due to the limited number of sam-
ples in NOM group (N = 5), all were used.

The semen of one unique stallion was used to artificially in-
seminate all mares, and the mares were managed the same way
during pregnancy (as previously described by [9]). Briefly, preg-
nant mares were kept in one herd from insemination to the Oc-
tober 20, 2020. During this period, grass was their only feed and
grazing was managed as rotational grazing. From the October 20
to 3 days after foaling, they were housed in individual boxes in
the same barn and fed same quantities of cracked barley, hay and
haulage twice a day with free access to water until foaling (feed
composition and quantities are presented in Supplementary Table
S1). Foaling occurred from March 3 to May 4, 2020. Foals were
weaned in two groups on September 23 and October 20, depend-
ing on their birthdate. For the 3 days following foaling, mares and
foals had daily access to individual pasture. Thereafter until wean-
ing, mares and foals were kept in one herd on pasture with free
access to water as previously described [24]. Pastures were per-
manent grasslands (multi-species based with around 60% grass,
mainly Ray-Grass, Fescue and Dactyl; 25% legume, mainly Clover,
and Alfalfa; 15% of other plants). Rotational grazing was performed
to ensure ad libitum feeding. As previously described [25], this en-
ables access to grass of equivalent quality between pastures along
the grazing season. Average available total energy was 0.66 + 0.05
UFC (energy available French unit, 1TUFC = 2,250 kcal) and quan-
tity of digestible proteins was 83.61 + 18.36 g/kg of DM through-
out the season. Mares were weighed at least once a week (PUEC31,
Radwag, Poland) and Body Condition Score (BCS) was evaluated by
the same manipulator once a month using a 1 to 5 scale [25].

2.3. Colostrum Sampling and Immunoglobulin G Quantification

Quickly after foaling and before first foal sucking, a sample of
around 5 mL of colostrum was collected from all mares for fur-
ther analyses. Before the sampling, a few drops were directly used
to determine immunoglobulin concentration using a refractometer
(Colotest, IFCE, France) [26,27].

2.4. Lactation Monitoring and Sampling

Because the weight-suckle-weight method does not provide a
reliable estimation of mare milk production unless it is performed
within a 24 hours interval for all mares [24], it was not possible
to perform this method due to the high number of animals in-
volved. Thus a milking strategy was used. Milk quantity was eval-
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Table 1
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Characteristics of the groups analyzed for mare milk yield, Na* and K* dosages, fatty acid, protein and lactose content.

Milk Yield and Na* K* Dosages

Fatty Acid, Protein and Lactose Content

YP YM OM NOM YP YM OM NOM
Number of 15 10 13 5 6 6 6 5
individuals
Mare age 6 + 0.65 7+0 13.15 + 1.68 11.4 £ 0.55 6.17 + 0.41 7+0 12.67 £ 1.51 11.4 £ 0.55
Mare parity 1+0 2+0 3.92 + 0.86 44 + 0.89 1+0 2+0 3.83 £ 1.17 44 + 0.89
Mare LW (in kg) 54436 + 30.68 548.52 + 38.59 584.46 + 48.99 553.58 + 35.10 546.97 + 32.55 537.49 + 4534 579.74 + 47.16 553.58 + 35.10
Number of males 6 1 7 2 2 1 5 2
Number of females 9 9 6 3 4 5 1 3

Period of foaling in
2020 (day/month)

08/03-30/04 12/03-18/04 17/03-03/05

07/04-04/05

12/03-21/04 22/03-18/04 22/03-03/05 07/04 - 04/05

“YP”, “YM”, “OM"” or “NOM” standing for “young primiparous”, “young multiparous”, “old multiparous”, and “nursing old multiparous”, respectively and mare LW being the

mare live weight 24 hours after foaling.

uated at 5 lactation times of lactation: at 3 (D3), 30 (D30), 60
(D60), 90 (D90) and 180 days (D180). The following protocol was
applied each time, as previously described [24]. Foals were muz-
zled to prevent suckling (t0) around 8:30 AM and left with their
dam. A first milking (M1) was performed 3 hours later to empty
the udder. A second milking (M2) was performed half hour later.
In all experiments, the right udder was emptied first. Milking was
performed without oxytocin injection using a manual milker (Ud-
derly EZ Mare Milker, EZ Animal Products) as oxytocin injection
might lead to overestimation of the milk yield [20].

The collected milk was weighed on an electronic scale (0.1g of
precision, SAUTER RE, KERN, Germany). The quantity of milk col-
lected during M2 was used to estimate milk production and stor-
age in half an hour for each mare, considering the very reduced
cisternal capacity of mare udder [28]. Thus, M2 milk production is
used here as a proxy for milk yield estimation and will be referred
as M2 yield in the rest of this study. Milk samples were collected
from M2 milk in 50 mL tubes (one for each side of the udder) after
collection and stored at —20°C. Milk analyses were performed on
a 1/1 mix of M2 samples collected from the right and left side of
the udder.

2.5. Foal Weight Gain Monitoring

At each milk collection, foals stayed muzzled for 4 hours and
then were weighted. The foal average daily gain (ADG) was calcu-
lated as the ratio of the weight difference between two consecu-
tive milking days (i.e., between three and 30, 30 and 60, 60 and
90 and 90 and 180 days of milking) and the number of days dur-
ing this period. In foals, regardless of the breed, growth is linear
from birth to 6 months [9,29]. Thus, this weighing frequency was
considered appropriate to obtain a good estimation of ADG.

2.6. Qualitative Analyses

Samples from D3, D30 and D90 were analyzed for lactose, pro-
tein and FA concentrations. FA contents were also determined in
colostrum. Due to budget and time limitations, it was not possible
to analyze all samples. Samples from randomly selected individu-
als (6 YP, 6 YM, 6 OM) and the 5 NOM individuals were evaluated.
One YM sample at D90 was not available at all for assay, and one
colostrum sample for YP was also not available for fatty acid anal-
ysis. Thus, altogether, 68 samples were analyzed for lactose and
proteins and 90 were analyzed for FA.

2.6.1. Lactose and Protein Contents

Lactose concentrations were measured using a commercial
kit for enzymatic assay of lactose/galactose (Megazyme, Libios,
Pontcharra sur Turdine, France). Measures were performed at 340
nm on a Tristar 2S-LB 942 Microplate Reader (Bethold, Thoiry,
France).

Protein concentrations were determined using the BCA Protein
Assay kit (Thermo Scientific, France).

2.6.2. Fatty Acid Contents

Prior to lipid extraction, 100 pg heptadecanoic acid (C17:0) was
added to full-fat samples as an internal standard to measure total
FA. Total FA, quantified with this standard, can only be considered
as a proxy for total fat, as FA are esterified with glycerol within
phospholipids or triglycerids that make up lipid droplets.

Lipid extraction was performed on 200 pL of full-fat colostrum
and milk using chloroform/methanol (2:1, adapted from [30]).
Transmethylation of FA was made using 7% boron trifluoride
methanol (Sigma-Aldrich, Saint Quentin Fallavier, France [31]). The
resulting methyl FA esters were analyzed by gas chromatography
(Auto Sampling 8,410 Gas Chromatograph 1,310, Thermo Fisher Sci-
entific, Courtaboeuf, France) coupled to a flame ionisation detector
on an Econo-Cap EC-WAX capillary column (30 m, 0.32-mm inter-
nal diameter, 0.25-um film, reference 19654; ALLTECH Associates
Inc., Templemars, France), using the Chromeleon software (Thermo
Fisher Scientific, Courtaboeuf, France). FA identification was made
referring to known FA profiles obtained from injection of standard
FAME (FA methyl esters) mix (Supelco 37 components FAME mix,
ref 47885-U, Sigma). Quantitative profiles were established for each
sample whereas qualitative profiles were expressed as % of total
FA. In the results, data are expressed after normalization to total
FA in the sample.

2.6.3. Estimation of Mammary Epithelium Integrity

Mammary epithelium integrity was estimated by measuring
the Nat/K* ratio in colostrum and in D3 and D60 milk samples
from all mares. Inductively coupled plasma optical emission spec-
troscopy (ICP-OES 5110 Agilent Technology, Les Ulis, France) was
used for Na™ and K* analysis in 200-pL colostrum and 500-pL
milk samples. Samples were first diluted in H,0, 100 and 40 times,
respectively, for colostrum and milk. Then, 2.5 mL of 0.01% Tri-
ton X100 (Sigma Aldrich, Saint- Quentin Fallavier, France) and 7.5
mL of 65% nitric acid were added and samples were completed to
50 mL with H,0. Analyses were performed in duplicate according
to manufacturer instructions using calibration standards for ICP-
OES Certipur Potassium and Sodium 1,000 pg/mL (Agilent Tech-
nology, Les Ulis, France) and a standard milk sample ERM-BD151
(European Reference Materials, milk sample with guaranteed con-
tents, European Commission Directorate-General JRC - Joint Re-
search Centre Brusels, Belgium).

2.6.4. Energy Content

Milk energy content was estimated based on M2 yield and milk
qualitative analysis. It was estimated that 1g FA provided 9 calo-
ries, whereas 1g lactose and 1g protein provided four calories. En-
ergy concentration (expressed in kcal/L) was calculated by dividing
energy available in one milking by the quantity of milk collected.
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Fig. 1. Comparison of milk yield per milking at several lactation day according to mares’ parity (A), age (B) or nursing status at insemination (C) YM: young multiparous;
YP, Young primiparous; OM, old multiparous; NOM, nursing old multiparous. *indicates a P < .05 regarding group effect on the overall lactation and « indicates a significant
difference (P < .05) between groups at specific lactation time. Results are presented as the median and interquartile range.

2.7. Statistical Analysis of Results

All statistical analyses were performed using R [32] on Rstudio
software [33].

2.7.1. Differential Analysis

There were no significant differences in live weight between
groups that have been compared at the same lactation stage nor
within groups at different stages. Similar results were obtained for
BCS and for ADG. Since weight, BCS and ADG are colinear, only
live weight after foaling was finally considered as a cofactor in the
models.

For all qualitative measurement, colostrum and milk were ana-
lyzed independently. For measurements in colostrum, linear mod-
els were performed with mare live weight 24 hours after foaling
and group as fixed effects. Permutation tests were applied as data
were not normally distributed using pgirmess package [34]. Results
of these analyses were presented.

Linear mixed models were performed using nlme package
[35] to evaluate differences in M2 yield and quality. Mare live
weight 24 hours after foaling, group, lactation day (3, 30, 60, 90,
and 180) and interaction between group and lactation day were set
as fixed effects and individuals as random effect. For foal ADG, lac-
tation period, mare live weight 24 hours after foaling and the av-
erage M2 yield for the corresponding period were considered (to-
tal of four periods, 3-30, 30-60, 60-90, and 90-180 days postpar-
tum). Permutation tests were also applied for these analyses [34].
When interaction between period and group was significant, linear
models followed by permutation tests were applied at each studied
time with mare live weight and group as factors.

Factors effects were considered significant for P < .05 after per-
mutation test.

In the results part, M2 yield, foal ADG and all qualitative mea-
surements are presented as mean + standard deviation (SD) in the
text, in tables and in supplementary tables. According to the com-
parison (age, OM vs. YM; parity, YP vs. YM; lactation, NOM vs.
OM), M2 yield, foal ADG and all significant qualitative milk mea-
surements were graphically represented using the median and the
interquartile range for each lactation day studied with GraphPad
Prism software 8.0.1 for Windows (Graphpad Software, San Diego,
CA, www.graphpad.com).

2.7.2. Correlations Between Mammary Gland Integrity, M2 Yield and
Milk Composition

To study correlations between M2 yield and milk composi-
tion (total FA, total protein, lactose concentration, Na concen-
tration, K concentration and Na*:K* ratio), Kendall correlation
tests were computed. To study the relationship between M2 yield

and the total concentration of fatty acids, total lactose concen-
tration or total proteins concentration, 64 individuals were avail-
able. To study the relationship between M2 yield and Na*t, K*
concentration and Na*:K* ratio, 84 comparison points were avail-
able as samples were collected at D3, D30 and D60 from 43
mares.

Following the same methodology correlations between total
fatty acid concentration and Na*, K* and Na*:K* ratio were also
studied.

3. Results
3.1. M2 Yield

In all comparisons, M2 yield was not different throughout the
lactation period (YM vs. OM P = .74; YM vs. YP P = .74; OM vs.
NOM P = .46) and was not affected by maternal weight (YM vs.
OM P = 12; YM vs. YP P = .74; OM vs. NOM P = .12). Mean
M2 yield over the whole lactation was significantly lower in YP
versus YM (272.31 4 84.42g vs. 303.39 + 102.73g, respectively, P
< .05) (Fig. 1A and Supplementary Table S2). There was also an
interaction between parity and time on M2 yield with a signifi-
cantly lower production in YP versus YM at D60 (268.62 +72.51g
vs. 342.39 + 99.33g, respectively, P < .05). In contrast, it was simi-
lar between OM versus YM (382.71 4 110.74g vs. 303.39 + 102.73g,
respectively, P = 0.22) (Fig. 1B and Supplementary Table S2) or OM
versus NOM (382.71 + 110.74g vs. 292.28 4+ 105.83g, respectively,
P = 0.61). Nevertheless, when comparing NOM and OM, the inter-
action between lactation period and group was significant (P < .05,
Fig. 1C and Supplementary Table S2). NOM tended to produce less
milk than OM at D90 (240.10 + 71.14 and 359.79 + 127.61g, re-
spectively, P = .05) and produced significantly less milk than OM
at D180 (212.80 + 92.41 and 401.62 + 100.64g, respectively, P <
.05).

3.2. Foal Average Daily Gain

No effect of group only was observed, regardless of the compar-
ison (YP vs. YM, P = .26; OM vs. YM, P = .70; NOM vs. OM, P =
.66, Fig. 2). The mare live weight at 24 hours after foaling and the
period had a significant effect on foal ADG in all comparisons (re-
spectively P < .05 and P < .0001) but not the average M2 yield and
for M2 yield (YM vs. OM P = .15; YM vs. YP P = .52; OM vs. NOM
P = 11). Only for the comparison YP versus YM, the interaction of
the period and the group was significant (P < .05). After further
analysis, only the ADG over the period 3 to 30 days postpartum of
foals from YM was significantly higher than the one from YP group
(Fig. 2, P < .01).
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Fig. 2. Comparison of foal average daily weight gain according to mares’ parity (A), age (B) or nursing status at insemination (C) The average daily weight gain was calculated
as the ratio of the weight difference between two consecutive milking days (i.e., between 3 and 30, 30 and 60, 60 and 90, and 90 and 180 days of milking) and the number
of days during this period. YM, young multiparous; YP, Young primiparous; OM, old multiparous; NOM, nursing old multiparous. ** indicates a P < .01 regarding group effect
on the overall lactation and « indicates a significant difference (P < .05) between groups at specific lactation time. Results are presented as the median and interquartile

range.

Table 2

Variables significantly modified in colostrum according to mare age, parity and nursing status.

YP (n = 6) YM (n = 6) OM (n = 6) NOM (n = 5) P value
YP Versus YM  OM versus YM  NOM versus OM

Immunogobulins G 77.69 + 28.26a 42.50 + 16.37*  62.08 + 31.87 89.00 + 24.60 0.01 0.13 0.26
Palmitoleic acid (C16:1w7) 3.91% + 0.35 4.13% + 0.87 4.13% + 0.45c 5.81% + 1.34° 0.55 1 <0.0001
Stearic acid (C18:0) 2.80% + 0.47 2.98% + 0.55" 2.47% + 0.42° 2.08% + 0.49 0.6 0.01 0.25
Linoleic acid (C18:2w6) 13.65% + 0.59 14.51% + 1.6° 10.48% =+ 2.03° 10.48% + 1.68 0.31 0.03 0.62
a-linolenic acid (C18:3w3) 13.36% + 2.09 15.98% + 2.6" 12.33% + 2.41° 10.60% + 1.52 0.19 0.01 0.35
Eicosadienoate (C20:2w6) 0.58% + 0.14 0.57% + 0.11° 0.39% + 0.11° 0.36% + 0.08 0.84 0.01 0.80
Homo-gamma linolenate (C20:3w6) 0.11% + 0.01 0.12% + 0.02° 0.08% + 0.02° 0.08% + 0.02 0.14 0.01 0.55
Arachidonic acid (C20:4w6) 0.08% + 0.02 0.10% + 0.04" 0.06% + 0.02" 0.07% + 0.02 0.28 0.02 0.19
Docosapentaenoic acid (C22:5w3) 0.17% + 0.06 0.19% + 0.05" 0.12% + 0.04" 0.12% + 0.02 0.48 0.03 0.71
Docosahexaenoic acid (C22:6w3) 0.11% + 0.03 0.09% + 0.05" 0.03% + 0.02>> ¢ 0.17% + 0.10¢ 0.51 0.03 0.02
Lignoceric acid (C24:0) 0.01% £ 0 0.02% + 0.04° 0.11% + 0.04° 0.06% + 0.04 0.75 0.01 0.08
Nervonic acid (C24:1w9) 0.03% + 0.01 0.10% + 0.09" 0.35% + 0.06" ¢ 0.11% + 0.15¢ 0.36 0.02 0.04
SFA 42.69% + 4.32 38.11% + 7.27°  47.73% =+ 5.54 45.51% + 6.40 0.27 0.01 0.13
MUFA 28.43% + 1.97 29.43% + 3.91 27.87% + 2.71¢ 31.91% + 3.70° 0.65 0.38 0.03
PUFA 28.88% + 2.56 32.42% + 3.92" 24.40% + 4.27" 22.58% + 2.87 0.12 <0.0001 0.69
PUFAw6 14.62% + 0.71 15.49% + 1.59* 11.30% + 2.18" 11.17% + 1.85 0.26 <0.0001 0.77
PUFAw3 14.26% + 2.11 16.93% + 247" 13.10% + 2.52" 11.41% + 1.50 0.10 0.01 0.29
PUFAC22 0.32% + 0.08 0.28% + 0.09" 0.16% + 0.04" ¢ 0.34% + 0.07¢ 0.47 0.02 <0.0001
PUFAw3C22 0.27% + 0.05 0.27% =+ 0.09b 0.16% + 0.05> ¢ 0.29% + 0.08¢ 0.98 0.03 0.02
Total C16:1 4.88% + 0.36 5.14% + 0.99 5.00% + 0.49" ¢ 6.78% + 1.37¢ 0.55 0.73 0.03
PUFA/SFA 0.69 + 0.12 0.90 + 0.32° 0.53 + 0.15" 0.51 £ 0.12 0.14 <0.0001 0.71
SFA/UFA 0.75 + 0.14 0.63 + 0.18" 0.93 + 0.20° 0.86 + 0.23 0.21 0.01 0.19
MUFA/SFA 0.68 + 0.11 0.82 + 0.32b 0.59 + 0.12" © 0.72 + 0.17¢ 0.27 0.04 0.03
ETE/AA 7.71 £ 3.02 6.87 + 4.23 8.21 + 0.58¢ 7.02 + 3.02¢ 0.75 0.55 0.01

All values are mean + standard deviation; Percentage is defined as the ratio of the FA/total FA; Immunoglobulins in g/L; “YP", “YM”, “OM” or “NOM” standing for “young
primiparous,” “young multiparous,” “old multiparous,” and “nursing old multiparous,” respectively.
Abbreviations: AA, arachidonic acid (C20:4w6); ETE, eicosatrienoic acid (C20:3w3); FA, fatty acids; MUFA, monounsaturated FA;

PUFA, polyunsaturated FA; SFA: saturated FA

C followed by a number X indicates FA with X carbons. in each row,
2 means that P < .05 in the comparison of YP to YM,
b in the comparison of OM to YM and
¢ in the comparison of NOM to OM

3.3. Colostrum and Milk Composition

3.3.1. Effect of Mare’s Parity (YP Versus YM)

IgG concentrations were significantly higher in the colostrum
of YP compared to that of YM (P < .01, Table 2 and Supplemen-
tary Tables S3) but there was no significant difference for all other
components.

In milk, several differences in FA concentrations were observed
(Supplementary Fig. 1 and Supplementary Table S3). Total FA con-
centration (P < .05) was increased in YP versus YM over the whole
lactation period.

After normalization to the total FA concentration, only propor-
tions of myristoleic (C14:1w9), C18:3w6 and total of C16:1 were
significantly different (P < .05) according to group (Table 3 and
Supplementary Table S4). After normalization, C14:1w9 and total
C16:1 concentrations were increased in YM milk at D3 (P < .05)
while C18:3w6 concentrations were increased in YM versus YP on
D30 (P < .05).

In addition, Na* concentrations in milk were significantly lower
in YM versus YP (P < .05, Supplementary Table S5 and Supplemen-
tary Fig. 1), with a trend towards a higher Na* concentration in YP
on D3 (P = .05).
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Table 3
Variables significantly modified by mare’s parity in young mares on fatty acid percentage in milk at different lactation day.
3d 1 mo 3 mo P.Value
YP YM YP YM YP YM Group Group:Time
Myristoleic acid (C14:109) 0.44% + 0.22 0.88% + 0.30 0.59% + 0.17 0.52% + 0.19 0.55% + 0.10 0.54% + 0.13 .02 0.06
C18:3w6 0.26% + 0.15 0.42% + 0.22 0.21% + 0.10 0.33% + 0.11 0.13% + 0.09 0.12% + 0.03 .01 0.13
Total C16:1 5.01% + 1.94 7.31% £ 1.73 7.48% + 1.11 7.71% + 0.81 8.55% =+ 0.61 9.3% + 1.13 .02 0.35

All values are mean =+ standard deviation; Percentage is defined as the ratio of the FA/total FA; “YP” & “YM” standing for “young primiparous” and “young multiparous,”
respectively. FA, Fatty acids; Total C16:1 correspond to the sum of all monoinsaturated fatty acids with a length of 16 carbons.

Table 4
Variables significantly modified by age in multiparous mares on fatty acid percentage and total protein concentration in milk at different lactation day.
3d 1 mo 3 mo P.value
oM YM oM YM oM YM Group  Group:Time
Lauric acid (C12:0) 10.82% + 2.42  11.87% £ 229 599% + 1.41 4.72% + 1.8 4.49% +1.07 094% +1.09 .57 0.03
Homo-gamma linolenate acid (C20:3w6)  0.06% + 0.01 0.06% + 0.01 0.06% + 0.02 0.1% + 0.03 0.06% + 0.01 0.07% + 0.02 .02 0.89
Cuplanodonic acid (C22:5w6) 0.02% + 0.02 0.02% + 0.01 0.03% + 0.01  0.02% + 0.01 0.03% + 0.01 0.06% + 0.04 .62 0.03
scSFA 13.76% + 3.11  18.89% + 4.1 1036% £ 3.2 547% + 191 471% £ 1.2 0.96% + 1.12 .26 0.04
Total protein (mg/ml) 24.27 + 4.32 18.57 + 2.87 17.03 £ 2.11  17.7 + 1.74 15.01 +£ 0.97 14.75 + 1.08 .02 0.09
PUFA/SFA 0.39 + 0.13 0.35 + 0.14 0.94 + 0.22 0.96 + 0.23 0.95 + 0.3 1.48 + 0.38 .58 0.02

All values are mean + standard deviation; Percentage is defined as the ratio of the FA/total FA; “OM” & “YM” standing for “old multiparous” and “young multiparous,”

respectively.

Abbreviations: FA, Fatty acids; PUFA, polyunsaturated fatty acids; scSFA, short chain satured fatty acids; SFA, Saturated fatty acids

3.3.2. Effect of Mare Age (OM Versus YM)

PUFA/SFA and MUFA/SFA ratios, were reduced and the
SFA/unsaturated FA (UFA) ratio was increased in the colostrum of
OM versus YM mares (Table 2 and Supplementary Table S6).

FA concentrations were normalized to total FA. The proportions
of stearic acid (C18:0, P < .05), linoleic acid (C18:2w6, P < .05),
«-linolenic acid (C18:3w3, P < .05), eicosadienoate (C20:2w6, P <
.05), homo-gamma linolenate (C20:3w6, P < .05), arachidonic acid
(C20:4w6, AA, P < .05), docosapentaenoic acid (C22:5w3, P < .05)
and docosahexaenoic acid (C22:6w3, P < .05) were reduced in the
colostrum of old mares (Table 2 and Supplementary Table S7). In
contrast, the proportions of lignoceric acid (C24:0, P < .05) and
nervonic acid (C24:1w9, P < .05) were increased in the colostrum
of OM versus YM (Table 2). These changes induce a reduction in
both PUFA w3 and w6 and, therefore, total PUFA was reduced in
OM versus YM colostrum (respectively, P < .0001, P < .05 and
P < .0001, Table 2). The 22 carbon PUFAs, particularly PUFA C22w3,
were also reduced in OM versus YM colostrum (both P < .05). Re-
lated to these results, proportions of SFA were increased in the
colostrum of OM versus YM (P < .05, Table 2).

In milk, only the PUFA/SFA ratio was increased on D90 in OM
versus YM (P < .05, Table 4, Supplementary Table S8 and Fig. 2).
The proportion of small chain SFA was reduced on D3 (P < .05) in
OM versus YM while on D30 and 90, the proportion of scSFA was
increased in OM versus YM milk (P < .05, Table 4). The propor-
tion of cuplanodonic acid (C22:5w6, P < .05) was also decreased
on D90 in OM versus YM milk (Table 4 and Supplementary Fig. 2).

Total protein concentrations were increased in OM milk on D3
(P < .05) compared to YM (Table 4), while total sodium was in-
creased (P < .05) on both D3 and 60 in OM milk (Supplementary
Table 5)

3.3.3. Effect of Nursing (NOM Versus OM)

In colostrum, the MUFA/SFA ratio was increased (P < .05) while
the eicosatrienoic acid (ETE, C20:3w3)/arachidonic acid (AA) ra-
tio was reduced (P < .05) in NOM colostrum compared with OM
(Table 2 and Supplementary Table S9).

Palmitoleic acid (C16:1w7, P < .05) and, as a result, the total
monounsatured C16 (P < .05) proportions were increased in NOM
versus OM colostrum (Table 2 and Supplementary Table S10). Con-
sequently, total MUFA levels were increased in NOM versus OM

Na/K ratio

T
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—e—4— — Q
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OM
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Fig. 3. Effect of mares’ nursing status on milk Na/K ratio NOM: Nursing old mul-
tiparous; OM, Old multiparous; Na, Sodium; K, Potassium. T indicates a P < .1 re-
garding group effect on the overall lactation and « indicates a significant difference
(P < .05) between groups at specific lactation time. Results are presented as the
median and interquartile range.

colostrum. Docosahexaenoic acid (C22:6w3, P < .05) and the pro-
portion of w3 and total 22 carbons PUFAs were also increased in
colostrum of NOM compared with OM. The proportion of nervonic
acid (C24:1w9, P < .05) was, however, reduced in NOM versus OM
colostrum (Table 2).

In milk, a trend (P = .05) was observed towards an increased
Na*:K* ratio in OM versus NOM with a significant increase (P <
.05) in OM at D3 (Fig. 3 and Supplementary Table S11). Other milk
components were not affected by nursing at insemination.

3.4. Correlation Between Mammary Gland Integrity, M2 Yield Per
Milking and Milk Composition

M2 yield was not correlated to any of the studied milk com-
position parameters (total FA concentration, P = .37; total lactose
concentration, P = .48; total protein concentration, P = .49; Na™
concentration, P = .54 and K* concentration, P = .72), except for
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the Na*:K* ratio that was significantly negatively correlated to M2
yield (t = —0.15; P < .05). Similarly, total fatty acid concentration
was not correlated with NA+:K+ ratio (P = .88), indicator of mam-
mary gland integrity.

3.5. Estimation of Energy Contents

Milk from primiparous mares provided more gross energy com-
pared with milk from multiparous mares (278.63 + 21.36 and
259.29 + 15.78 kcal/L, respectively, P < .0001,). Old mares’ milk
was more energetic than that of young mares across the three first
months of lactation (OM = 276.87 + 26.60 kcal/L, P < .05).

Nursing at insemination, however, did not affect energy
contents at any time in comparison to non-nursing mares
(NOM = 283.99 =+ 24.58 kcal/L).

4. Discussion
4.1. Colostrum

Colostrum IgG concentration was higher in primiparous com-
pared to multiparous mares but did not vary between the other
groups. In contrast, another study in eight mares did not report
any difference according to parity [36]. In addition, no effect of
mare parity was reported on the efficiency of IgG passive transfer
in foal plasma [37-39]. One more recent epidemiological study on
192 Paso Fino foals demonstrated, however, a reduced risk of total
failure of passive transfer in foals born to multiparous compared to
primiparous mares [40], rendering it difficult to draw conclusions
on the effect of parity on colostral IgG.

Effects of mare’s age on colostrum FA content were previously
highlighted in primitive Konik horses with an increase in PUFA in
mares >10 year old [17]. Opposite effects were observed in the
present study, with a decrease in PUFA. Both studies report, how-
ever, an increase of SFA in older mares. In humans, as in horses,
the effect of maternal age on FA composition of colostrum re-
mains controversial [41,42]. Pikul et al also studied effect of ma-
ternal parity on colostrum FA contents comparing mares with par-
ities <5 versus >5. They demonstrated effects on a few FA which
were not confirmed in the present study [17]. Both for age and
parity, discrepancies between data reported by Pikul et al and the
present work could be due to differences in age, breed, nutri-
tional/environmental conditions or group constitution (only parity
one and two were compared here). In addition, it is very likely that
mares with a parity >5 were older than mares with a lower parity,
and thus that age was confounding factor.

In terms of nursing effects, mares that were nursing at the be-
ginning of their gestation had an overall increased proportion of
MUFA. For both young and nursing mares, increased PUFA were
observed. In humans, increased proportions of PUFA, especially of
long chain PUFA, in colostrum, have been associated to benefits in
child neurodevelopment [43] but potential effects in the foal re-
main to be studied.

4.2. Milk Fatty Acid Contents

Higher FA concentrations were observed in the milk of primi-
parous versus multiparous mares on D3 and D30. On D3, several
C22 IcPUFA were increased while on D30, increased FA were es-
sentially medium and long carbon chain SFA and medium carbon
chain MUFA. In cattle, milk is fatter in the first lactation, with
higher amounts of unsaturated FA [44,45] while in humans, ma-
ternal parity does not seem to alter milk FA contents [46]. Mares
that foaled >5 times have been shown to produce a milk richer
in short and middle chain saturated fatty acids (C10:0, C12:0, and
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C14:0) and poorer in UFA compared with mares with a lower par-
ity [17].

Mare age barely affected milk FA contents. On D3 of lactation,
young mares produced higher amounts of short chain SFA but this
effect was reversed on D30 and D90 where older mares’ milk was
richer in SFA, with a reduced PUFA/SFA ratio on D90. In humans,
there is no difference between mature and younger women for
FA concentrations in milk collected within the first 2 weeks post-
partum [47]. In horses, mares <10yo were reported to produce a
milk richer in myristoleic (C14:1w5), palmitic (C16:0) and palmi-
toleic (C16:1w7) acids and poorer in arachidonic acid (C20:4w6)
[17] but this was not confirmed here, probably related to the two
different populations and environments.

FA content in milk comes from diet, de novo FA synthesis and
body fat mobilization (for review in ruminants [48] and in humans
[49]). Since all mares were on the same pasture, results from the
present study cannot be explained by differences in dietary FA but
could be due to variation in feed intake in response to energy re-
quirements [50]. The difference in FA composition in milk could
also be at the origin/explained by the reduced milk production in
young primiparous mares even though no correlation between FA
content and M2 yield have been observed here.

Fatty acids in mare milk are also derived from body fat mobi-
lization. In ponies, two of the main adipose tissue fatty acids are
linoleic (C18:2w6) and linolenic (C18:3w3) acids, which are signif-
icantly influenced by parity, age and nursing [51]. In ruminants,
the negative energy balance at the beginning of lactation leads to
increased proportions of long chain FA in milk, released by adi-
pose tissue [52,53]. As feed intake and body fat could not be mon-
itored here, it cannot not be excluded that fat mobilization could
have been more important in young mares, thus explaining the ob-
served variations at 90 days. Similarly, primiparous mares could
have mobilized more body fat for milk than multiparous mares at
the beginning of the lactation period.

4.3. M2 Yield and Mammary Gland Epithelium Integrity

M2 yield was reduced in primiparous versus multiparous but
not in young versus old mares throughout the lactation period.

The effect of parity on overall milk production is controversial,
with studies reporting that multiparous mares produce more milk
[18,23] while others do not report any difference [21,22]. Never-
theless, although no difference in milk yield was observed between
first and second lactation, differences were reported with a greater
number of lactations, and consequently with increased maternal
age [18], which is consistent with the foal weight gain observed
in the literature [7-9].

The effect of maternal aging on milk yield had been scarcely
studied. Peak milk production was reported to occur at seven and
11 to 15 years of age in nursing and dairy mares, respectively [20].
In the present experiment, the overall production nor the produc-
tion at specific lactation times were not influenced by age. Vari-
ations were according to the nursing status, with nursing mares
producing less milk on D90 and D180, suggesting that successive
pregnancies may impair mammary capacity to sustain a full lacta-
tion.

We observed a negative relationship between Na*:K* ratio and
M2 yield, as previously described for lactating goats [54]. The ob-
served Kendall correlation, however, is weak (r = —0.15), thus the
relationship might not be linear. This correlation may not be trans-
lated into biological effects and further analyses are needed. Nev-
ertheless, in nursing mares a trend for a lower Na*:K* ratio on D3
was observed which suggests that mammary epithelium integrity
is reduced in mares with successive pregnancies. In ruminants,
Na* and K* concentrations differ between colostrum and with an
average 5 day transition from colostrum to milk [55,56]. In horses,
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based on IgG concentrations, it has been suggested that the transi-
tion from colostrum to milk occurs in the 12 hours postpartum in
nursing mares [57]. Nevertheless, protein and macro-element con-
tents do not stabilize until 5 days [58]. Thus, the milk to colostrum
transition is not over by D3 and results should be interpreted with
caution.

4.4. Energy Content and Foal Weight Gain

Energy contents were higher in old versus young mares’ milk
and in primiparous versus multiparous mares. The increase was
significant (P < .05) on D3 regarding both comparisons. The en-
ergy increase in primiparous milk is due to the increased fatty
acids contents. Since primiparous mares produce less milk than
multiparous mares, it might be hypothesized that the lower quan-
tity is compensated by quality to cover the foal’s nutritional needs.
During the D3 to D30 period, however, foals born to primiparous
mares had a lower ADG than those born to multiparous dams, in
agreement with previous reports showing that foals born to prim-
iparous mares do not catch-up after birth [8,9]. These results indi-
cate that increased primiparous milk composition is not sufficient
to fully compensate the lower milk yield.

In older mares, the increased energy contents seem to be re-
lated to increased milk protein contents when compared with
younger mares, with no difference in milk yield. Thus, foals born
to older multiparous mares might receive more energy from milk
than their counterparts born to younger multiparous mares. This
observation, however, did not lead to an increased weight gain.
Without considering extreme ages, a positive relation has been re-
ported between foal growth and mare age, but the confounding
parity was not considered [8,59].

4.5. Limits and Perspectives

Due to the limited available literature on mammary gland func-
tion in equidae, most comparisons in the discussion were made
with ruminants. Nevertheless, interspecific differences for fat syn-
thesis and mammary gland function have been reported between
cows, sows, and rats, with rats using glucose to form milk FA to a
much greater extent than cattle, that have a lower glycemia com-
pared to monogastrics [60]. Mammary gland data in monogastric
animals is scarce and the omnivorous diet of many of them dif-
fers grandly from that of horses, hampering their use as models
for equine.

In humans, colostrum and milk have been shown to be partic-
ularly responsive to maternal diet [61]. Here, mares were fed with
the same diet during pregnancy and were in the same environ-
mental conditions. All mares foaled within 57 days, thus limiting a
potential seasonal effect although intra-group variation may have
occurred. Only maternal weight after foaling, but not thereafter,
was taken in account in statistical analyses because mares’ live
weights were not different in the comparisons. Thus, the observed
differences are mainly due to the studied factors and to individ-
ual differences. Observed inter-individual variations might partially
be explained by the absence of genetic selection based on mater-
nal qualities in the studied herd, and more broadly in equine in-
dustry. Another limit of this study is that the young multiparous
mares were all secondiparous. The first lactation, however, is the
one shown to be reduced and different from subsequent lactations
in cattle [62-66] and horses [24]. Furthermore, it is important to
remember that these results have been obtained on limited num-
ber of samples, especially in NOM group and that more investiga-
tions are required to confirm them on a larger number of animals
and on other breeds.

Finally, milk energy contents as calculated here is an approxi-
mation and, thus, is lower than observed in other studies. Indeed,
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the computation included only lactose for sugars and fatty acids
without considering glycerol or other carbohydrate sources of en-
ergy. The comparison between groups, however, remains valid.

5. Conclusions

The present study demonstrates the importance of mare age,
parity and of nursing during the periconceptional period, on sub-
sequent colostrum and milk production. Although the mechanisms
leading to these modifications in colostrum and milk composi-
tion and quantity have not been determined yet, it is possible to
suggest that depending on mares’ age, parity and lactating status,
the differences observed here could be due to different capacity
of the mammary gland to produce lipids as well as differences
in body fat mobilization through the lactation period. Impacts of
those changes on foal weight gain seemed to be limited and that
the quantity of milk impacted more the weight gain. The long-term
effects of these differences on the foal performance remains to be
elucidated.
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