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Abstract: Within decade years, the deuterium dilution techniques are largely used in developing countries for breast milk
output and body composition which are the important indicators of public health nutrition interventions. But the
implementation of these techniques needs a familiarity with standard operating procedures. This paper presented the challenge
met while using these stable isotope methods among Beninese children. The checking data and estimate of deuterium
equilibration period were tested on 15 children aged 6-22 months for the body composition (BC) and 08 mother-child pairs
having 5.5 months children aged for assessing breast milk intake (BMI). We have found that collecting saliva from 6 months
children was very demanding. Children above 6 months aged chewed up the dentals swabs or cotton wool. Instead of cotton
stalk, mother’s index finger has been used to overcome saliva collection challenge. For BC measurement, some mothers got
angry and left before the third saliva collection. Seven children have rejected the dose or vomited immediately after the dose
administration. The plateau equilibration was between 2 and 3 hours. Concerning data quality, the Total Body Water
percentage at 2, 2.5 and 3 hours were between 40-75% for 7 children. Only one over 8 children was less than 60mg/kg of total
error for BMI output. These results are crucial to conduct the large study. It showed precautions that might be taken into
account in order assure high quality data about BMI output and children BC and therefore to improve the quality of the
assessment public health actions.
Keywords: Deuterium Oxide, Fat Free Mass, Fat Mass, Breastmilk

1. Introduction
Nowadays, nutrition is crucial for the development actions
in low-income countries including Benin. According to the
Global Nutrition Report (2016), improved nutrition is the

platform for progress in health, education, employment,
female empowerment, and poverty and inequality reduction
[1]. Thus, it is important to use the objective methods to
really measure the progress and impact of nutritional
interventions [2]. Isotopic methods can play an important
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role for achieving that goal. The assessment of breastfeeding
practices and body composition are among many examples of
applications of stable isotope techniques [3-4] which can
contribute to the evidence base for improving stunting
reduction programmes [5].
Indeed, recent studies revealed that the conventional
methods of assessing Exclusive Breastfeeding practice (EBF)
were biased [6]. Owino has showed that in many countries,
the prevalence of EBF measured with mother’s own recall
are tended to be overestimated by about 40% at 3-6 months
[4]. Alternative reference methods of the 24-hour recall to
measure EBF practice is the deuterium oxide dose-to-mother.
Deuterium oxide dose-to-mother technique for the
determination of breast milk intake and water from sources
other than human milk, consist in administrating a dose of 30 g
of deuterium oxide to the mother after collecting the saliva
sample from the mother and her baby (baseline). Then, postdose samples were collected on day 1, day 2, day 3, day 4, day
13, and day 14 [7]. Regarding deuterium dilution technique for
the measurement of body composition; it consists in the
administration to the children, a dose of 0.5g/kg of body
weight (dose for FTIR Shimadzu equipment), after having
collected reference saliva sample [8]. After an equilibration
time, about 3 hours for children and infant, two post-dose
samples are collected. The physiological status of participants
affects the water turnover of the children's bodies and therefore
the equilibration time [8]. Age, health status, and climate also
influence this turnover [8]. That’s why, it is strongly
recommended to carry out a pilot study prior to the
implementation of this technique, in order to determine the
interval in which post-dose saliva samples in local
circumstances can be collected [8].
In Benin, it is planned an additional evaluation study of
Nutrition at Center (N@C) Initiative implemented by CARE
International Benin/Togo, which will use these two previous
isotope techniques. That add-on study is part of the
International Atomic Energy Agency (IAEA) Technical
Cooperation Project INT6058 entitled "Contributing the
evidence base to improve stunting reduction programs".
Recently, the use of dilution isotopic in children with
moderate acute malnutrition and the methodological issues
have been largely described by Fabiansen et al [9]. However
and in context with children healthy apparently, our pilot
study aims to:
1. Familiarize the local team to standard operating
procedure (SOP) for saliva samples collections
2. Appreciate the equilibration period of the dose and the
quality of outputs (Total Body Water and breast milk
output quantity),
3. Propose alternatives to faced challenge for the success
of add on study itself.

Benin National Ethics Committee for Health Research of
Ministry of Health (CR n°05 from 26/01/2017 and
N°15/MS/DC/SGM/DRFMT/CENRS/SA on 07/04/2017).
Locals politico-administrates authorities were informed and
approved the study. Written informed consent of the enrolled
children’s parents was obtained after they received complete
information about the study.

2. Methods

An accurately weighed dose of 30g of deuterium oxide
(99.8% purity, Cambridge Isotope Laboratories Inc. Andover,
MA, USA) was orally administered to the mother and
container was doubly rinsed with drinking water [7]. Prior to
dosing, the mother and child provided a pre-dose saliva

2.1. Ethical Clearance
Permission and ethical clearance have been received from

2.2. Setting and Design Study
From April to June 2017, a cross-sectional survey was
conducted in Bonou, South-Benin. Bonou is one of the
communes where N@C has been implemented. Indeed, the
final add on study should be conducted at Dangbo, second
commune of N@C. The main study of the research
programme will target mothers who have children 4-5.5
months aged for the determination of breast milk intake
(study 1) and monitor these children to 6 and 12 months for
body composition study (study 2).
2.3. Sample
Determination of breast milk intake at 5.5 months: A
sampling convenience of eight (08) mothers-children aged of
5.5 months was recruited within N@C Initiative
beneficiaries. These women have freely accepted to
participate in the pilot study.
Estimation of Total Body Water (TBW) in children aged 623 months: In addition to 08 children above, others seven
(07) children aged between 7-23 months, have been recruited
in the commune. Body composition was assessed in all 15
enrolled children aged 6-23 months, and exclusive
breastfeeding was measured in 08 mother-child pairs aged
5.5 months. Finally fourteen (14) children were effectively
included in the studies (Figure 1).

Figure 1. Sample size per study.

2.4. Field Data for Breast Milk Intake Determination
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sample (~ 4 mL) into a clean, sterile and dry tube to
determine the background or natural deuterium enrichment.
The post-dose saliva samples were collected in cryogenic
tubes from the mother and child on the 1st, 2nd, 3rd, 4th,
13th, and 14th days after dose administration to the mother
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(Figure 2). Fourteen sample of saliva were collected and
stored at −20°C until analysis. Weight and height of mothers
and children were collected on the day 0 and day 14th.
Samples transport to laboratory was done in cool box with
dry ice package.

Figure 2. Summary of procedure for assessing human milk intake by deuterium oxide to mother technique, adapted from IAEA [7].

2.5. Field Data for Assessment of Children Body
Composition Aged Between 6 and 23 Months
In the beginning of the study, child weight and height were
measured and baseline saliva sample was collected. Then, a
dose of 3 g (child weight less than 10 kg) and 6 g (child
weight more than 10 kg) of deuterium oxide were
respectively administered to children. Doses were prepared
and administered using a dosing suitable syringe. We have
introduced the feeding tube at the extremity of the syringes.
This facilitates the entry of deuterium in children mouth. The
precise dose consumed by child was measured by the

difference in weight of filled syringe and empty syringe after
dosing (Figure 3). Three saliva samples were collected after
administration of dose (2h, 2.5h, and 3h after dose). Child
weight and height were taken before and after study [8]. All
anthropometric measures (study 1 and study 2) were also
collected according to standard operating procedures and
WHO’s recommendations [7-8]. We have used an electronic
balance accurate to 10 g for children (Type SECA 869;
maximum 20 Kg) and to 0.1 kg for mothers (Type SECA
354, maximum 150 kg). Mother height and infant length
were determined using the ShorrBoard measured to the
nearest 0.1 cm. All measures were taken in triplicate.
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2.6. Training of Research Team
All fieldworkers had been trained on Standard Operating
Procedures (SOP) for deuterium dilution technique to assess
body composition and deuterium dose-to-the mother
technique to assess breastfeeding practices in infants and
young children 5.5 – 23 months of age. At this training, all
the SOP for dose preparation, collection of saliva samples,
and dose administration, anthropometry were reviewed and
tested on field.
2.7. Implementation of Data Collection

Figure 3. Flow chart describing the procedure for measuring total body
water by deuterium dilution.

Two teams of five research assistants who followed the
previous training have participated in the pilot study. Each
team was organized in three work post presented in table 1.
The data have been collected in education/vaccination room
located in the district health center. All mothers came to this
place for different collect time.

Table 1. Organization of work post.
Day 1
Work post 1
Work post 2
Assessment of Exclusive Breastfeeding practices by mothers
Reception of participants Saliva collection Pre-dose from
Anthropometry
mother and her baby
Measurement of body composition in children
Saliva collection Pre-dose from
Reception of participants
children
Anthropometry
Saliva Collection Post dose

Work post 3
Administration of the dose to
mothers

Day 2, 3, 4, 13

Day 14

Saliva Collection
Post dose

Saliva Collection Post dose
Anthropometry

Administration of the dose to child
Administration of questionnaire

2.8. Analysis of Saliva Enrichment by FTIR
All deuterium enrichment saliva was measured using
Fourier Transform Infrared Spectro- photometer (FTIR,
Shimadzu IR Prestige 21 Vienna, Austria) at Integrated
Struggle against Malaria Center (CLIP) of Faculty of Health
Sciences, Cotonou, Benin. The accuracy of deuterium
analysis over the range of enrichments likely to be
encountered has been checked using gravimetrically prepared
standards.
2.8.1. Preparation of Calibration Standard
Nine standards of 100 mL were prepared by diluting 99.8
atom% deuterium oxide with local drinking water in a

volumetric flask and weighed on an analytical scale
following SOP described by IAEA [8]. The enrichment was
ranged from 0 (natural abundance drinking water) to 2000
mg/kg; an enrichment above that likely to be encountered in
saliva samples. To prepare the standard calibration, a solution
of ~1000 mg/kg (ppm) was prepared by weighing 99.8
atom% deuterium oxide (D2O) and diluted in normal
drinking water from the laboratory.
2.8.2. Calculation of Standards Enrichment and Standard
Curve by FTIR
The standards Enrichments have been calculated following
the formula (1)

Enrichment of D2O in calibration standard = A / (B-A) x 106 mg/L (kg)
Where
A: Weight of D2O
B: Weight of drinking water + D2O in 1L flask and
B – A: Weight of added drinking water.
From the values of calculated enrichment and measured
enrichment to FTIR, standards curves of FTIR (2) were
obtained and appreciated.
Y=aX+b
Where a= gradient and b= intercept

(2)

(1)

The gradient a > 0.95 and the intercept between -0.5 and +
20 (+20 > b > -0.5) were the indicators of good accuracy [8].
To appreciate the precision, we have used background (water
enrichment) which must be between – 10 and + 10 ppm and
the coefficient of variation [CV= (SD/mean) x 100] of
standard. CV should be less than 1%.
2.9. Data Analysis
Field data were reported in the appropriate papers forms
then the data was entered in the Epidata 3.1. Field and
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laboratory data were compiled by two differences assistants.
The checking was performed and mainly errors were
minimized. The data of breast milk intake was especially
entry to the Excel 2007 program "Human Milk calcs" which
helped to calculate intake milk by children and a water intake
from sources other than breast milk by children
2.9.1. Calculation of Total Body Water (TBW)
TBW was calculated from the volume of distribution (VD)
of a D2O. VD was calculated from the enrichment of 2H in
body water and the dose of D2O consumed.
VD (kg) = dose (mg)/enrichment (mg/kg) (3)
Adjusted for exchange of hydrogen atoms in tissues: TBW
(kg) = VD/1.04 [10-13].
2.9.2. Appreciation of Equilibration Period (Plateau)
Only the children who had the 3 samples of saliva post
dose were used. The mean enrichment at 2h, 2.5h, and 3h
was calculated and a curve of plateau equilibration was set
out. According to Wong et al, the time equilibration was
defined as the earliest time point when consecutive
enrichment values became <2% different from the previous
hour [14].
2.9.3. Quality Control for Determination of Breast Milk
Intake
The human milk intake by breastfed infants was calculated
using Excel spreadsheet as described by Slater following the
guidance notes on data evaluation [15].
2.9.4. Total Body Water and Quality Control
Quality control followed the steps described above:
1. Reproducibility of TBW: The Coefficient of Variation
of Total Body Water measurements must be < 3%.
2. %TBW normal range must be between 40 and 75% of
body weight
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wool is sodden [7-8, 16] were not practicable for many
infants having teeth. In fact, these infants chewed up the
dentals swabs or cotton wool. Instead of cotton stalk, we
have proposed to use the index finger of mothers around
which we rolled up the cotton. This new approach allowed
having in less than one hour, 2ml saliva samples because the
mothers were already using this technique to clean their
children's mouths every morning.
In the body composition measurement, we had four
mothers who were angry and stopped study before the third
saliva collect. It was difficult to collect the three post-dose
saliva samples due to the time of saliva sample collect. For
some children, pre-dose and the first two post-dose collection
times were so long going up 4h that mothers became
impatient and decided to stop the study. It was important to
report also that after the equilibration time about 2 hours
later, and given the time taken by the reference saliva collect,
children were tired and cried incessantly. This increased the
impatience of mothers and would make more difficult the
cooperation of the mother for continuing the study.
3.2. Challenge While Administration Dose to Infants
During the dose administration, seven children rejected the
dose or vomited immediately after the administration either
50% of the initial sample. The duration of saliva pre-dose
collection is essential for the success of dose administration
to a child. In fact, we observed that the more saliva collection
pre-dose time was long, the more children refused to take the
dose and hardly open their mouths. The calm and patience of
fieldworker in charge to give the dose was also a factor
contributing to success the operation.
3.3. Challenge During Equilibration Time or Delay of
Study for Participants

3. Results

Keeping children during the equilibration period without
eating anything was a challenge for the collect teams. Each
team member supported the mother of children during this
time. Children just cried an about hour after dose
administration. In these conditions, it was impossible not to
breastfeed or feed them. We had 5 children (35%) who drunk
or took something between after dose administrating and
saliva collection first post-dose sample.

3.1. Challenge While Collecting Saliva

3.4. Precision and Accuracy of FTIR (IR Prestige 21)

It’s important to highlight that the collection of saliva
samples with children over 6 months is doable but extremely
difficult. It happened that we took until 1h before collecting
2ml of saliva. The standard technique of saliva collection by
moving the swab around the baby’s mouth until the cotton

Figure 4 showed the curves of calibration FTIR. Equation
were y = 0.98x. So, a=0.98 and b=0 and the FTIR was
accuracy. All, CV of triplicate measured standards were less
than 1% (0.4%; 0.3%; 0.8% for First and second, second and
third, first and third measured standard respectively).

2.9.5. Statistics
Only descriptive statistics was conducted (mean, standard
deviation, coefficient of variation, percentage) with SPSS
v21.
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Figure 4. Curves of calibration of FTIR, Shimadzu, IR Prestige 21 Cotonou, Benin.

3.5. Estimate of Breast Milk Intake and Control Quality
After checking data of breast milk intake according to Slater [15], we noticed that only the total error of one child was less
than 60 mg/kg (Table 2). Excluding this child, the mean of Human milk intake was 811.70 ±178.62g/day.
Table 2. Breast milk intake and oral water intake from sources other than human milk.
ID
EP01
EP02
EP04
EP05
EP09
EP08
EP07
EP06

Non-milk oral intake (g/day)
401.53
926.76
368.80
479.38
123.00
88.68
48.01
39.48

Human milk intake (g/day)
571
1267.72
751.58
993.60
629.27
926.94
776.47
1033.08

Square root MSE (mg/kg)
40.12
149.78**
18.96
27.55
47.03
48.14
53.75
47.91

ID: Identifiying;*Value out range; MSE: Mean Square Error

3.6. Equilibration Time (Plateau)
Equilibration time was tested on 09 infants with whom we
were able to collect three saliva post dose (2h, 2.5h and 3h)
samples. During the fieldwork, the real hours of saliva post
dose collection were in average 2h10min, 2h46min and

3h22min. The Figure 5 presents, the mean enrichment by real
time after dose administration. Thus, the plateau equilibration
was between 2h and 3h. The difference of consecutive
enrichments at 2h, 2h 30 and 3h were 1.8% and 14.3%
respectively. Between 2h and 3h, this difference was 18.2%.

Figure 5. Equilibration of deuterium dose in children sampled.
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3.7. Estimate of TBW and Control Quality of Body
Composition Data
Table 3 presents the TBW,%TBW for 7 children who had
taken total dose at 2h, 2.5h, and 3h and the CV of TBW
between these hours.
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CV of TBW measurements was < 3% for five (05) children
and one child for 2h-2.5h and 2.5h-3h respectively. Three (03)
children had CV of TBW less than 3% for consecutives
measurements 2h and 3h. The% TBW at 2h, 2.5h, and 3h
almost were between 40-75% for all children (Table 3).

Table 3. Total Body Water (TBW) at 2h, 2.5h and 3h, coefficient of variation between consecutive TBW and% TBW.
ID

Sex

EP05
EP19
EP18
EP21
EP17
EP13
EP16

G
G
G
G
B
B
B

Age
(months)
6
11
13
15
16
19
22

Mean
weight (kg)
7.555
6.890
8.975
8.125
9.150
11.850
9.050

Total Body Water (kg)
2h
2.5h
3h
5.080
5.158
4.898
4.630
4.786
5.475
6.104
nd
5.786
5.424
5.190
5.334
6.007
5.818
6.123
7.351
7.087
nd
5.568
5.743
6.162

Coefficient of Variation (%)
2h-2.5h
2.5h-3h
2h-3h
1.1¥
3.7
2.6¥
2.3¥
9.5
11.8
nd
nd
3.8
3.1
1.9¥
1.2¥
¥
2.3
3.6
1.3¥
2.6¥
nd
nd
2.2¥
5.0
7.2

% Total Body Water&
2h
2.5h
3h
67€
68€
65€
67€
69€
79
68€
nd
64€
67€
64€
66€
€
€
66
64
67€
62€
60€
nd
62€
63€
68€

ID: identifying number; G: Girls; B: boys; ¥ values<3%; € Values between 40-75%;&:%TBW=TBW/ body’s Weight

4. Discussion

4.3. Equilibration Time and Duration of Collection

In this study, we tested the use of two isotopic techniques,
deuterium dose-to-mother for the assessment of exclusive
breastfeeding and isotopic dilution deuterium among
Beninese children for measurement of their body
composition.

We have found that the minimum time that mothers spent
at the place of collect was 4 h for children who gave in less
than 30 minutes, 2ml of saliva. This time can go up to 6
hours if the child didn’t well salivate. It is desirable that the
mothers sufficiently breastfed or properly fed their children
at least 1 hour before starting collection. Because their
children didn’t quickly salivate during the pre-dose, the
mothers became impatient. That influenced the post-dose
collection especially post-dose at 3 hours and also the final
anthropometric measurements. It will be better if the duration
of collection does not exceed 4h. This leads to avoid stopping
data collection by the mothers. So when mothers arrived on
collection site at 7 am, they will complete body composition
collection no later at 11 am.
The number of women, who have been included the day of
collection, also had a negative influence on the process
implementation. When the number of enrolled children
exceeded 5 for a team of 5 fieldworkers, the collection
management became problematic. The monitoring of
children during equilibration period can be poorly performed.
Thus, we would recommend for the collection of body
composition data with (n) fieldworkers to enroll (n-1)
children. One member is needed to manage time and monitor
the entire process.

4.1. Sample Saliva Collection
We have found a real challenge in collecting saliva
samples from children. It was reported by IAEA and
Fabiansen [8-9] that collecting saliva samples was more
difficult for children under 3 months old. In our pilot study,
we found collection easier with children aged 5.5 to 6
months. For the over 6 months, winding the cotton swab in
the mouth [16] was not possible for many of them. We have
adopted a new method consisting to roll up cotton to the
mother’s index finger. That approach has facilitated the saliva
collection. This technique could be recommended in the
conditions where the mother's handwashing device (soap and
drinking water) are available on study site.
4.2. Administration of Child Dose
We have got 50% of children who didn’t fully consume the
dose during administration. This high percentage could be
explained by the stress of children due to anthropometric
measurements and saliva pre-dose collection consecutively.
In Burkina Faso, Fabiansen et al [9] had tested different
strategies of dose administration in malnourished children.
The dose had been diluted in juices such as Bissap Juice or
water to facilitate the administration. They have observed
that this technique was less successful than when the dose
was given with water. In our study, we used the undiluted
dose that was about 2.7 ml or 5.4 ml of deuterium. We
believe that the administration of this small volume would be
better given with the syringe + cap suggested by the IAEA
[8].

4.4. Appreciation of FTIR Equipment
The validity of the measurements also depends on the
accuracy of the FTIR. We have seen that the calibration curve
indicators were good to ensure validity of the measurements
with locally available equipment (FTIR, IR prestige 21).
However, the non-comparison of the standard values with
other laboratories could leave some shortcomings.
The equilibration period found was about 2h-3h range and
is concordant with the current literature [17]. Post-doses can
therefore be collected between this range. Like the duration
of collection seems to reduce the quality of study or drop out
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of participants, our suggestion will support that the post dose
collection starts at 2h. Given the general duration of saliva
collection in our study area, the collection at 2.5 hours would
often end around 3 hours after the dose.

contributions. We also like to thank Professor Kindé Gazard
for facilitating access to the CLIP laboratory and
International Atomic Energy Agency.

4.5. Precision Measurements of Human Milk Intake and
Total Body Water
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