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Estimation of usual intake and food sources of choline 
and betaine in New Zealand reproductive age women 
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Recently, choline has been associated with neurodevelopment, cognitive function and neural tube defect inci-
dence. However, data on usual intakes are limited, and estimates of dietary intakes of choline and its metabolite 
betaine, are not available for New Zealanders. The objective of the present study was to determine usual intake 
and food sources of choline and betaine in a group of New Zealand reproductive age women. Dietary intake data 
were collected from a sample of 125 women, aged 18-40 years, by means of a 3-day weighed food record, and 
usual choline and betaine intake distributions were determined. The mean (SD) daily intakes of choline and 
betaine were 316 (66) mg and 178 (66) mg, respectively. The total choline intake relative to energy intake and 
body weight was 0.18 mg/kcal and 5.1 mg/kg, respectively. Only 16% of participants met or exceeded the 
Adeuate Intake (AI) for adult women of 425 mg of choline. The top five major food contributors of choline were 
eggs, red meat, milk, bread and chicken; and of betaine were bread, breakfast cereal, pasta, grains and root vege-
tables (carrots, parsnips, beetroot, swedes). Our findings contribute towards the recent emergence of published 
reports on the range of dietary choline and betaine intakes consumed by free-living populations. In our sample of 
New Zealand women, few participants were meeting or exceeding the AI level. Given recent epidemiological 
evidence suggesting health benefits of increased choline and betaine intakes, recommendations should be made to 
encourage the consumption of choline and betaine-rich foods. 
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INTRODUCTION 
Choline is present in a wide variety of foods with eggs 
and meats representing the richest food sources. It is a 
precursor for a number of compounds including acetyl-
choline, phospholipids, and platelet activating factor.1 
Betaine, a derivative of choline, is important because of 
its role in the donation of methyl groups to homocysteine 
to form methionine – the universal methyl donor needed 
for methylation of DNA, RNA and proteins.2 The relation 
of choline to lipid and one-carbon metabolism has led to 
several recent investigations examining the role of cho-
line and betaine in neurodevelopment and cognitive func-
tion,5-7 and pathogenesis of various chronic diseases in-
cluding cancer and cardiovascular disease.8-14 In repro-
ductive-age women, a lower dietary intake of choline, and 
possibly betaine, in the periconceptional period is associ-
ated with an increased risk of having an neural tube de-
fect-affected pregnancy, even after controlling for folate 
intake.15 

In 1998, an Adequate Intake (AI) of 425 mg of choline 
per day for adult women (equivalent to 7 mg/kg body 
weight per day) was set instead of a Recommended Daily 
Allowance as sufficient evidence was not available at the 
time for calculating an Estimated Average Requirement.16 
Currently there is no recommendation set for dietary 
betaine. Additional data on the range of usual dietary in-
takes are needed to aid in the establishment of Nutrient 
Intake Values. Thus, the overall aim of this study was to 

describe the usual intake of choline and betaine in a group 
of healthy New Zealand reproductive age women. In ad-
dition, the major food contributors of choline and betaine 
in diets of the participants were identified to determine 
the commonly consumed foods that contribute signifi-
cantly to the usual intake. 

 
METHODS  
This study was part of the baseline dietary data collection 
for a folate intervention trial conducted in New Zealand 
between July 2008 and May 2009.19,20In this study, 140 
healthy, reproductive age women (18-40 years) were re-
cruited from the staff and student population at the Uni-
versity of Otago, Dunedin, New Zealand, and from the 
local community. Women were excluded if they were 
pregnant, lactating, or were planning a pregnancy in the 
next 12 months. The population included in these anal-
yses is composed of 125 women with complete 3-day 
weighed food records at the baseline visit. Ethical ap-
proval for the study was obtained from the Human Ethics  
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Committee of the University of Otago, Dunedin, New 
Zealand, and all participants gave written, informed con-
sent. 

Participants were given a self-administered question-
naire to collect socio-demographic and general health 
information; height and weight were taken according to 
standardised procedures. BMI (kg/m2) was classified us-
ing World Health Organisation (WHO) criteria as under-
weight (≤18.49), normal weight (18.5-24.9), overweight 
(25.0 – 29.9) and obese (≥30.0). Participant ethnicity was 
classified as New Zealand European, Maori and Pacific 
Peoples, Asian or other ethnicities; and education as sec-
ondary school or less, post-secondary education (universi-
ty or college), or advanced degree.  

Dietary intake of choline and betaine was quantified 
using 3-day weighed food records completed over two 
non-consecutive weekdays and one weekend day. Partici-
pants were provided with electronic digital kitchen scales 
accurate to 1 g (Vista Electronic 21 Kitchen Scale, model 
3010, Salter Housewares Ltd, Tonbridge, England) and 
received instructions on how to weigh and record all food 
and beverages consumed.  

Energy intakes were estimated from food and beverag-
es consumed using the New Zealand Food Composition 
Database.21 The New Zealand database does not contain 
nutrient-content for choline or betaine and these values 
were obtained for each food item from the US Depart-
ment of Agriculture (USDA) National Nutrient Database 
for Standard Reference17 or the USDA Database for the 
Choline Content of Common Foods Release 2.18 The lat-
ter database contained values for choline-containing 
compounds, including water-soluble compounds (ie, free 
choline, glycerophosphocholine, and phosphocholine) 
and lipid-soluble compounds (ie, phosphatidylcholine and 
sphingomyelin); however, most foods were found only in 
the USDA Database for Standard Reference, which pre-
sents a single value for total choline. Commercial food 
products and foods unique to New Zealand that were not 
found in the USDA databases were assigned choline and 
betaine values from substitute foods with similar ingredi-
ents. Therefore, all foods were assigned total choline and 
betaine values (ie, no missing values) with the exception 
of Marmite™, a yeast extract spread, where the betaine 
content was unknown and no appropriate substitution was 
found.  

To determine the most important food sources of cho-
line and betaine, 7761 food entries were sorted into 97 
food categories on the basis of nutrient similarities. De-
termination of the food categories that represented the 
highest percent contribution to dietary choline and betaine 

were calculated using the following formula: 
[(Total choline/betaine provided by food catego-
ry)÷(Total choline/betaine from all food categories)]  
100. 
All statistical analysis was performed using Stata (ver-

sion 11; Stata Corp, College Station, TX). Estimates of 
mean and percentiles of usual dietary intake for free cho-
line, glycerophosphocholine, phosphocholine, 
phosphatidylcholine, sphingomyelin, total choline and 
total betaine were expressed in mg/d and were adjusted 
for the distribution of observed intakes to partially re-
move the day-to-day variability in choline and betaine 
intakes (within-person variation) using PC-SIDE version 
1.012 (Department of Statistics, Iowa State University, 
Ames, 22 IA, USA).  
 
RESULTS 
The mean (SD) age of the participants was 24 (6) years. 
Most of the women were well-educated (88%; 110 of 125 
were enrolled in or had completed a post-secondary de-
gree) and were mainly New Zealand Europeans (75%; 94 
of 125). The mean (SD) BMI was 24 (4), ranging from 
17.4 to 39.0. Sixty-nine percent of participants were clas-
sified as normal weight, with the remaining participants 
classified as underweight (4%), overweight (22%) and 
obese (6%).  

The mean (SD) daily energy intake was 1842 (354) 
kcal. The daily dietary intake for total choline [mean (SD)] 
was 316 (65) mgand percentiles of usual choline intakes 
are presented in Table 1. Total choline intake relative to 
reported energy intake and measured body weight was 
0.18 mg/kcal and 5.1 mg/kg, respectively. Only 16% (20 
of 125) of the participants met or exceeded the estimated 
choline requirement for adult women of 425 mg.  

Table 2 presents data on the major contributors of cho-
line in the diets of study participants. Of 7761 food en-
tries sorted into 97 food categories, eggs and red meat, 
the top two items, constitute nearly one-quarter of the 
total choline intake. Forty-two percent of participants (53 
of 125) reported consuming ≥1 egg on at least one of 
three diet record collection days, with 14% of participants 
(18 of 125) consuming ≥1 egg on two of the three days. 
For those participants reporting egg consumption, the 
average egg intake per day was 1.3 eggs, and ranged from 
0.2 to 5.1 eggs, providing 25 to 638 mg of choline. Over 
half (58%) of the participants did not record eating at 
least one egg on any diet record collection day. Of those 
who reported red meat consumption, the average intake 
ranged from 24 to 355 g, providing 17 to 291 mg of cho-
line. Other animal-based products such as milk, chicken, 

 

Table 1.Mean and percentiles of usual daily choline and betaine intakes among study participants (n=125) 
 
 Mean±SD  Percentiles 
  1st 5th 10th 25th 50th 75th 90th 95th 99th 
Total choline, mg/d 316±65 189 219 237 269 310 356 402 433 495 
Free choline, mg/d 65±17 35 41 45 53 63 76 89 98 117 
Choline from glycerophosphocholine, mg/d 51±18 22 28 32 39 49 61 75 84 106 
Choline from phosphocholine, mg/d 13±4 6 8 9 10 12 15 17 19 22 
Choline from phosphatidylcholine, mg/d 123±32 63 77 85 100 119 142 166 181 214 
Choline from sphingomyelin, mg/d 14±5 4 6 8 9 13 17 21 23 28 
Betaine, mg/d 178±66 77 96 107 131 166 212 263 300 388 
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fish and pork were also important contributors. Interest-
ingly, bread ranked in the top 5 major contributors of cho-
line in this sample of reproductive aged women, contrib-
uting approximately 6% of total dietary choline intake.  

Mean (SD)daily betaine intake was 178 (66) mg (Table 
1). Relative to energy ingested and body weight, the aver-
age betaine intake was 0.10 mg/kcal and 2.8 mg/kg, re-
spectively. The food category contributing the most be-
taine in the diet was bread (26%), with breakfast cereals 
(17%) and pasta (13%) ranking second and third, respec-
tively. The contribution of these foods combined pro-
vided more than one half of the total betaine intake (Table 
2).  
 
DISCUSSION 
Using the food choline content from the USDA food 
composition database, we estimated that only a small 
proportion of our study participants met or exceeded the 
recommended intake level for choline. To our knowledge, 
this is the first study to assess the usual daily choline in-
takes of a sample of healthy New Zealand reproductive 
age women. While our data show that the usual mean 
intake in this sample of women is lower than the recom-
mended daily intake, our estimates are consistent with 
other studies.5,8,9,22-26 Nonetheless, the self-reported nature 
of the data may have led to an underestimation of choline 
due to an underreporting of food intake. For example, a 
study by Fischer et al,26 found that estimated self-reported 
choline intakes from 3-day food records were 25% lower 
compared with measured intake from food consumed ad 
libitum in a clinical research setting; however, the differ-
ence between the observed and reported values was non-
existent when choline intakes were normalized for energy. 
Remarkably, our energy-adjusted choline intakes [0.2 
mg/kcal] were identical to those reported by Fischer et 
al,26 inferring accurate determination of the choline com-
position of the diet but underreporting of energy. 

The ability to rank the major food contributors to cho-
line intake are less likely to be affected by underreporting 
of energy intakes. In this population of reproductive age 
women, eggs, red meat and milk were the top contributors 
of choline intake. In a recent national survey in Taiwan, 
eggs also ranked as the top contributor of choline, how-
ever, the contribution was much larger among Taiwanese 
adults, contributing 25% to total choline intake compared 

to only 13% in our study participants.24 In contrast, eggs 
ranked fourth in a US study of adult men and women, 
contributing less than 8% to total diet while red meat 
ranked as the top food source, contributing 14%.8 Animal 
products contain considerably more choline per unit 
weight than plants, however, when summed together, 
fruits and grain-based food products such as bread con-
tributed an equally dominant source of total choline in the 
diet.  

Dietary intake of betaine in our study population was 
somewhat lower than values published from larger co-
horts in the United States (208 mg),8 Greece (314 mg)9 
and the Netherlands (241 mg) 22 although the intakes in 
our study were greater than those reported from the 1993-
1996 Nutrition and Health Survey in Taiwan (78 mg).24 In 
most studies, betaine intake was calculated with the use 
of a self-reported food frequency questionnaire (FFQ). 
FFQs are typically designed to rank participants from 
highest to lowest intake rather than quantifying the abso-
lute intake of choline. In contrast to choline, which is 
predominantly found in animal sources, betaine is rich in 
plant-based foods such as wheat bran, quinoa, beets and 
spinach27 as reflected in the top five food sources in our 
study contributing nearly two-thirds to total betaine intake. 
The top food contributors of betaine among our study 
participants were similar to those recently reported in an 
American study, with bread ranking as the highest con-
tributor to betaine intake (USA, 22% compared to our 
study, 26%).8 Conversely, dark leafy vegetables ranked as 
the major contributor of betaine in Taiwan, with bread 
contributing only 5% to total betaine intake.24 At present, 
there is no recommended intake level for betaine. Hu-
mans can obtain betaine either from diet or endogenous 
synthesis from choline. Establishing a recommended in-
take level will require a better understanding of the role 
of betaine in one-carbon metabolism as well as its interre-
lationship with choline, folate and methionine. For exam-
ple, a higher intake of folate appears to have a sparing 
effect on betaine, as shown by an increase in plasma 
betaine concentrations following supplementation with 
folic acid.28 

While weighed diet records are considered the most 
accurate method to measure usual nutrient intake,29 sever-
al limitations of our study should be acknowledged. First, 
the New Zealand food composition tables do not contain 

Table 2. Major food contributors of choline and betaine in a group of New Zealand reproductive age women (n=25) 
 

 Rank 
  Choline   Betaine 
 

Food Cate-
gory Percentage Cumulative 

Percentage 
  Food Category Percentage Cumulative 

Percentage 
1   Eggs 13.4 13.4  Bread 25.5 25.5 
2  Red meat 10.0 23.4  Breakfast cereal 16.9 42.5 
3  Milk 8.0 31.3  Pasta 13.0 55.4 
4  Bread 5.5 36.8  Grains(Quinoa/couscous/semolina/bulgar) 8.4 63.8 

5  Chicken 4.5 41.4  
Root vegetables  
(Carrot/beetroot/parsnip/swedes) 4.8 68.6 

6  Fish 4.2 45.6  Chicken 3.1 71.7 
7  Fruits 4.1 49.7  Biscuits 2.5 74.3 
8  Pork 3.5 53.2  Red meat 2.3 76.6 
9  Cakes 3.0 56.2  Fish 2.3 78.9 
10   Yoghurt 2.5 58.7   Cakes 2.1 81.0 
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values for choline and betaine, rather these were derived 
from similar foods listed in the USDA Nutrient 
Database.17 Substitutions were especially difficult for 
local foods, which may not be typically consumed in a 
North American diet. For example, silverbeet, a common-
ly consumed leafy green in New Zealand was replaced 
with spinach. Spinach is an excellent source of betaine, 
however, the differences in the betaine composition of 
spinach compared to silverbeet is unknown. In addition, 
Marmite™, a yeast extract spread with no assigned 
betaine value, was consumed by one-quarter of partici-
pants (33 of 125) on at least one day. Yeast extract 
spreads contain high amounts of B-vitamins including 
choline and are likely to contain appreciable amounts of 
betaine. The possibility that betaine intakes may have 
been underestimated based on the missing value for this 
commonly consumed food needs to be considered. In 
addition, various food processing and cooking methods 
have been found to affect betaine content with boiling 
resulting in losses of up to 80%.27,30 Future studies should 
undertake the compositional analysis of locally consumed 
foods. Secondly, our small sample size of predominantly 
university-educated women who identified mostly as 
New Zealand Europeans does not permit generalization of 
our results to the general population. Nationally repre-
sentative survey data on choline and betaine intakes are 
needed. Nevertheless, our study is strengthened by the 
adjustment of observed intakes to remove the day-to-day 
within-person variation.     

In conclusion, our findings contribute toward recent 
reports suggesting that choline intakes may be suboptimal 
for a large percentage of the population. However, more 
work is needed to better understand dietary choline and 
betaine requirements. For example, the choline AI for 
non-pregnant, non-lactating women, set in 1998, was ex-
trapolated from a single study conducted in men and de-
signed to prevent liver dysfunction.16 In the meantime, 
obtaining choline and betaine from the food supply is 
attainable if proper food choices are made and would be 
naturally aligned with dietary recommendations.   
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紐西蘭育齡婦女膽鹼及甜菜鹼的日常攝取量及食物來

源評估 
 
近年來，膽鹼被認為與神經發展、認知功能及神經管缺陷的發生有關。然

而，紐西蘭人的膽鹼日常攝取資料不足，且缺乏膽鹼及其代謝物甜菜鹼的飲

食攝取量評估。本研究的目的為估算紐西蘭育齡婦女，其膽鹼及甜菜鹼的日

常攝取量及食物來源。飲食攝取數據是來自 125 名年齡 18-40 歲的婦女樣本，

收集三天的秤重食物記錄，估算膽鹼及甜菜鹼攝取的分布值。膽鹼及甜菜鹼

每日攝取平均(標準差)量分別為 316(66)毫克及 178(66)毫克。總膽鹼攝取量相

對於熱量攝取及體重分別為 0.18 mg/kcal 及 5.1 mg/kg。只有 16%的參與者符

合或超過成年女性膽鹼的足夠攝取量(AI) 425 毫克。膽鹼的前五項主要食物來

源為蛋類、紅肉類、奶類、麵包及雞肉；甜菜鹼的來源為麵包、早餐穀片、

麵條類、穀類及根莖類(紅蘿蔔、歐洲防風草根、甜菜根、瑞典蕪菁)。近期出

現較多對於一般人群的膽鹼及甜菜鹼飲食攝取量範圍的報告，本研究結果將

對此有貢獻。在這群紐西蘭女性樣本中，少數參與者符合或是超過 AI 量。鑑

於近期流行病學證實增加膽鹼及甜菜鹼攝取的健康效益，應提出建議鼓勵攝

取富含膽鹼及甜菜鹼的食物。 
 
關鍵字：膽鹼、甜菜鹼、育齡婦女、日常攝取量、主要食物貢獻者 
 
 
 


