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Purpose: To describe the fatty acid composition of human colostrum in three different regions of China. Methods:
Women were recruited from river/lake, coastal and inland regions of China during late pregnancy. Their diet
frequency was assessed during the 34™ week of pregnancy. Colostrum samples were collected between post-
partum days 3 and 5. Thirty-one different fatty acids were separated and identified in colostrum. Results: There
were significant differences among the women in the three regions with respect to food and culinary oil consump-
tion patterns. The mean+SD fat content (g/100 g) of colostrum from river/lake, coastal and inland regions was
2.17+1.26, 2.50+1.39 and 2.68+1.26, respectively (p=0.265, adjusted by pregnant women’s age). The main satu-
rated, monounsaturated, n-6 polyunsaturated and n-3 polyunsaturated fatty acids in colostrum were 16:0, 18:1n9,
18:2n6 and 18:3n3, respectively. Colostrum from river/lake region had the lowest composition of total SFA and
of total n-6 PUFA and the highest composition of total MUFA and of total n-3 PUFA. The amount of DHA
(22:6n3) in colostrum (meantSD, % wt/wt) was 0.51+0.18, 0.52+0.20 and 0.35+0.13 in the river/lake, coastal
and inland regions, respectively (p=0.0002, adjusted by pregnant women’s age). Frequency of maternal marine
fish intake during the late pregnancy was positively correlated with DHA in colostrum (r=0.203, p=0.040). Con-
clusions: The fatty acid composition of colostrum differs across geographical regions in China, which may be re-

lated to differences in maternal dietary pattern.
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INTRODUCTION

Colostrum is the first food consumed by breast-fed neo-
nates, and it provides the initial postnatal nutrient supply
to the exclusively breastfed infant. The fat content and
fatty acid composition of human colostrum are variable
around the world, and can be influenced by many fac-
tors.'” Long chain polyunsaturated fatty acids (LCPUFAs)
are important components of colostrum, and of breast
milk, because they promote neural and visual develop-
ment in the newborn.** They also appear to be important
in immune development.®” The content of LCPUFAs in
breast milk could be modified by maternal diet; for ex-
ample, increased maternal intake of the n-3 LCPUFA
DHA increased human breast milk DHA content.® Aquat-
ic foods, especially marine oily fish, are good sources of
n-3 LCPUFAs. Therefore, it is expected that colostrum n-
3 LCPUFA composition will vary according to quantity
and quality of aquatic food consumption during pregnan-
cy and lactation. .

There are a number of reports on the fatty acid compo-
sition of human colostrum worldwide'””* and some
studies on the fatty acid composition of human transition-
al and/or mature milk in China.”** However, there is

little information on the fatty acid composition of colos-
trum in the Chinese population®® and there is no Chinese
database for this. Cultural and biological differences be-
tween Chinese and Caucasians, and among Chinese from
different regions, might affect the fatty acid composition
of human colostrum. Therefore, we analysed the fat con-
tent and fatty acid composition of colostrum from breast
feeding Chinese women living in three different regions
of China.

MATERIALS AND METHODS

Subjects

Women were recruited during late pregnancy; they were
free of health problems based on medical physical exami-
nations and did not smoke. The women who took lipid-
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rich nutritional supplements such as cod liver oil during
their pregnancy were exclusive to our study. The women
were recruited in three regions of China. These were an
inland region close to large sources of freshwater (riv-
er/lake region; Jurong; Jiangsu Province), a coastal region
(Rizhao; Shandong Province), and an inland region with
limited access to freshwater (Xushui; Hebei Province).
All women were long-term residents of their respective
region and were of the Han ethnic group. Their age before
pregnancy and height were recorded and they completed
an investigator-led frequency questionnaire about main
lipid-rich foods in their diet, in the latest month before the
34™ week of pregnancy. The consumption of culinary oil
in the latest month before the 34™ week of pregnancy was
quantitative in the questionnaire. Our questionnaire was
adapted from an earlier study,”” and the main adaptation
highlighted the consumption frequency of almost all spe-
cies of common edible fish in China. The study was con-
ducted according to the guidelines laid down in the Dec-
laration of Helsinki and all procedures involving human
subjects were approved by the Ethical Committee of the
Chinese Centre for Disease Control and Prevention. Writ-
ten informed consent was obtained from all subjects.

Colostrum samples

Colostrum samples (circa 5 ml) were collected by the
women, who each exclusively breast-fed only one neo-
nate born at term. Samples were collected at post-partum
day 3 to 5. All samples were expressed directly into plas-
tic containers and were frozen immediately at -40°C and
later at -70°C. The samples were analyzed as soon as pos-
sible after collection.

Samples analysis

Total lipids were extracted from 3 g of colostrum by 45
ml chloroform-methanol (2:1, by volume, containing 30
mg/L butylated hydroxytoluene). The mixture was emul-
sified with 0.85% NaCl (12 ml) and the lower layer was
collected. The fat was quantified gravimetrically after the
lower layer was dried at 40°C. Fatty acid methyl esters
(FAME) were prepared with methanol-acetyl chloride
(100:15, by volume) at 70°C in a water bath for 3 hours
and were dissolved in hexane. Analysis of FAME was
carried out in a Shimadzu GC-14B GC fitted with a CP-
SIL-88 capillary column (100 m * 0.25 mm internal di-
ameter, 0.2 pm film thickness). Helium was used as the
carrier gas, with a flow rate of 2 ml/min. The split ratio
was 40:1. The injector and the flame ionization detector
temperatures are both 260°C. The oven program had an

Table 1. Characteristics of the women and their pregnancies

initial temperature of 140°C which subsequently in-
creased to 240°C at a rate of 4°C/min. The peaks of
FAME were identified by comparing the retention time
with that of certified standards (Supelco 37 Component
FAME Mix). The percentage of fatty acids was calculated
by normalization method. Peaks of which area is lower
than 0.05% of total area were omitted.

Statistical analysis

Data are expressed as mean and standard deviation (mean
+ SD). ANOVA was used to test the difference of con-
sumption of foods and culinary oils among regions.
ANCOVA was used to test the difference of composition
of each kind of fatty acid after the adjustment of age
among regions. Bonferroni t test was used to test inter-
group differences. Chi-square test was used to test the
difference of rates of passive smoking and of alcohol in-
take among regions. Correlation coefficient was used to
assess the relationship between consumption of rapeseed
oil or frequency of marine/freshwater fish intake and co-
lostrum content of alpha linolenic acid (ALA) or DHA. A
value for p<0.05 was considered to indicate statistical
significance among regions. All analysis of the data was
carried out by Statistical Analysis System 9.1 (SAS Insti-
tute Inc., Cary, NC, U.S.).

RESULTS

Subject characteristics

36 women from the river/lake region, 35 women from the
coastal region and 32 women from the inland region were
recruited. Height did not differ among regions, but wom-
en in the coastal region were older than in the other two
regions. Pregnancy duration was slightly, but significant-
ly, longer in the coastal region. There was no difference
of rate of passive smoking (p=0.538) and of alcohol in-
take (p=0.335) among regions (Table 1). All mothers de-
livered only one infant. We were unable to obtain accu-
rate weight information from these pregnant women be-
cause of the difference in latitude among the three regions
that caused different climates, and increased the difficulty
to accurately estimate the weight of clothes worn by these
women.

Dietary intake of lipid-rich foods and culinary oils

Women in the coastal region consumed more frequency
marine fish and meat than those in the other two regions,
while those in the river/lake region consumed more fre-
quency freshwater fish and milk. Women in the inland
region consumed more frequency of eggs than those in

River/lake region (n=36)

Coastal region (n=35) Inland region (n=32)

Mean SD Mean SD Mean SD
Age before pregnancy (y)' 24.8° 2.4 28.8° 4.1 25.7° 2.8
Height (cm)’ 160 4.3 161 3.8 160 4.7
Pregnancy duration (weeks) 39.4° 1.1 40.1° 1.0 39.8° 0.9
Parity before this pregnancy’ 0.11° 0.4 0.50° 0.56 025 0.44
Rate of passive smoking (%) 25.0 314 37.5
Rate of alcohol intake (%) 5.71 0.00 6.25

"Different letters in the same row denote significant differences among groups (p<0.05).
“The rates of passive smoking and alcohol intake mean percentage of subjects in each region who smoke passively or have the habit

of alcohol intake.
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Table 2. Frequency of consumption of lipid-rich foods and culinary oils by women in the different regions in the lat-

est month before the 34™ week of pregnancy

River/lake region (n=36)

Coastal region (n=35) Inland region (n=32)

Mean SD Mean SD Mean SD
Marine fish (times/week) 0.40° 0.60 426° 2.35 0.66° 0.62
Freshwater fish (times/week) 3.60° 1.99 1.14° 1.05 2.13° 2.64
Meat (times/week) 5.47% 4.34 10.7° 441 7.98°¢ 4.37
Poultry (times/week) 2.25 3.55 1.28 0.94 1.43 1.04
Eggs (times/week) 6.19° 3.34 5.74° 2.96 9.52° 7.55
Milk (times/week) 10.1° 5.83 5.98° 3.77 6.01° 6.91
Bean (times/week) 4.73° 4.80 6.10° 2.95 10.8° 9.18
Nuts (times/week) 5.38% 6.08 551° 6.11 10.1° 8.92
Total culinary oil (100 g/month) 13.4 5.95 13.4 4.25 12.7 3.25
Total vegetable oil (100 g/month)  13.0 5.85 13.4 4.25 11.9 3.13
Rapeseed oil (100 g/month) 9.97° 5.12 0.00° 0.00 0.46° 0.94
Arachis oil (100 g/month) 0.17° 1.04 12.6° 5.31 3.54° 3.95
Soybean-salad oil (100 g/month)  0.41° 1.71 0.11° 0.63 430° 5.39

Different letters in the same row denote significant differences among groups (p<0.05).

the other two regions. Use of culinary oil was different
among the three regions with high use of rapeseed oil in
the river/lake region (p<0.0001), but there were no differ-
ences of total culinary oils (p=0.806) and total vegetable
oil (p=0.395) consumption among regions. Our question-
naire also shown that some families consumed more than
one kind of culinary oil simultaneously, and the culinary
oil included not only vegetable oil, but also animal oil, eg,
lard. The tiny difference between consumption of total
culinary oil and of total vegetable oil indicated that the
consumption of animal oil is negligible (Table 2).

Fat content and fatty acid composition of colostrum

The mean+SD fat content (g/100 g colostrum) from the
river/lake, coastal and inland region was 2.17+1.26, 2.50
+1.39 and 2.68+1.26, respectively; there were no differ-
ences among regions after the adjustment by pregnant
women’s age (p=0.265).

The main SFA, MUFA, n-6 PUFA and n-3 PUFA in
colostrum in all regions were 16:0, 18:1n-9, 18:2n-6 and
18:3n-3, respectively. Colostrum from the river/lake re-
gion had the lowest content of total SFA, but the highest
content of 18:1n-9 and total MUFA and of ALA. Colos-
trum from the inland region had the highest content of
18:2n-6 and the lowest content of EPA and DHA (Table
3). The amount of DHA in colostrum (mean £SD, %
wt/wt) was 0.51£0.18, 0.52+0.20 and 0.35+0.13 in the
river/lake, coastal and inland regions, respectively
(»=0.0002, adjusted by pregnant women’s age).

Maternal rapeseed oil intake in the latest month before
the 34™ week of pregnancy was positively correlated with
ALA in colostrum (r=0.562, p<0.0001). Frequency of
maternal marine fish intake in the latest month before the
34™ week of pregnancy was positively correlated with
colostrum DHA content (r=0.203, p=0.040), but freshwa-
ter fish intake frequency was not (r=-0.045, p=0.655).

DISCUSSION

We surveyed the pregnant women’s dietary information
and analysed fatty acid composition of their colostrum
after delivery in our study, and our study indicated that
there were significant differences in dietary patterns and
fatty acid composition in colostrum among the regions.

A similar report was relatively rare in China.

We determined frequency of dietary intakes in the lat-
est month before the 34™ week of pregnancy and it is un-
likely that these alter during lactation.?® Pregnant women
were recruited from three representative geographic re-
gions of China, because we hypothesised that food and
nutrient intakes would differ among those regions. This
was found to be the case with differences in consumption
of freshwater fish, marine fish, meat, eggs, milk, beans,
nuts and culinary oils among the regions. These differ-
ences translated into differences in intake of a number of
fatty acids.

The percentage of ALA in colostrum from all three re-
gions was higher than reported in some previous studies
conducted mainly in Europe and Australia (0.33-0.77
g/100 g total fatty acids),”'® and it is in general accord-
ance with the value reported in a Swedish study (0.99
/100 g total fatty acids),'” but our data are uncomparable
with the Chinese study mentioned above®® because of the
different unit of measurement of fatty acids. One reason
for the high ALA content in colostrum in the river/lake
region may be the high use of rapeseed oil in this re-
gion.”

Linoleic acid (LA), ALA, EPA and DHA contents of
colostrum varied across the three regions. This may in
part reflect dietary differences, but the data suggest that
other factors are involved. For example, marine fish in-
take frequency was much higher in the coastal region than
in the other two regions, where frequencies were similar.
However, colostrum DHA was similar in the river/lake
and coastal regions and greater than in the inland region.
The lack of a strong relationship between dietary intake
of certain DHA-rich food, like marine fish, and the con-
tent of DHA in colostrum, might reflect differences in
maternal stores or in fatty acid metabolism,'>'**° that
might for some reason be characteristic of the region.
Women in the river/lake region had a high intake of
ALA-rich rapeseed oil, while soybean-salad oil intake in
the inland region was also quite high (p<0.0001); addi-
tionally, the intake of LA-rich arachis oil in the coastal
region was much higher than in river/lake and inland re-
gions, which could cause the inhibition of biosynthesis of
DHA from ALA, because ALA and LA compete with
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Table 3. Fatty acids in the colostrum of women in the different regions (% wt/wt, comparison among regions was

adjusted by age)
. River/lake region (n=36) Coastal region (n=35) Inland region (n=32)
Fatty acid mean SD mean SD mean SD

8:0 0.04° 0.06 0.04° 0.04 0.11° 0.12
10:0 0.50° 0.47 0.64° 0.43 L11° 0.91
12:0 2.79 2 1.49 437% 2.47 4.47° 2.56
13:0 0.012 0.01 0.02%® 0.01 0.02° 0.03
14:0 3.34%° 1.12 441° 1.51 4.15%® 1.69
15:0 0.12 0.02 0.14 0.04 0.12 0.04
16:0 21.5° 2.34 22.2%® 1.75 22.9° 2.15
17:0 0.21 0.06 0.25 0.06 0.38 0.76
18:0 4.48° 0.92 5.35° 0.74 501 ® 0.94
20:0 0.15% 0.05 0.19° 0.05 0.15° 0.07
22:0 0.08 0.04 0.10 0.06 0.08 0.07
24:0 0.14 0.06 0.16 0.07 0.12 0.09
SFA 33.58 3.13 37.9° 3.99 38.6° 5.02
14:1n5 0.05 0.02 0.06 0.03 0.06 0.04
16:1n7 2.04 0.57 2.04 0.57 2.05 0.51
17:1n7 0.102 0.02 0.10® 0.04 0.12° 0.02
18:1n9 trans 0.14 0.10 0.12 0.10 0.12 0.09
18:1n9 cis 34.9 2 2.13 30.3° 2.89 28.7° 2.69
20:1n9 0.95% 0.20 0.65° 0.14 0.55° 0.18
22:1n9 0.29 2 0.08 0.17° 0.05 0.12° 0.06
24:1n9 0.44° 0.17 0.27° 0.09 0.22° 0.13
MUFA 38.9° 2.28 33.7° 3.10 31.9°¢ 2.76
18:2n6 trans 0.004 0.01 0.01 0.01 0.01 0.02
18:2n6 cis 15.8 2 1.74 18.4° 2.77 19.7° 3.88
18:3n6 0.04° 0.03 0.06° 0.04 0.10° 0.08
20:2n6 1.03 0.22 1.04 0.26 1.04 0.44
20:3n6 0.63 0.19 0.58 0.16 0.65 0.21
20:4n6 0.83 0.19 0.79 0.16 0.81 0.18
22:2n6 0.27 0.07 0.24 0.08 0.22 0.10
n-6 PUFA 18.6° 1.59 21.2° 2.94 22.6° 4.18
18:3n3 1.332 0.38 0.82° 0.29 0.77° 0.32
20:3n3 0.18 2 0.05 0.09° 0.04 0.09° 0.04
20:5n3 0.07%® 0.03 0.09 2 0.08 0.04° 0.03
22:6n3 0.51° 0.18 0.52° 0.20 0.35° 0.13
n-3 PUFA 2.09° 0.40 1.51° 0.38 1.24° 0.37
LA/ALA 12.6° 3.11 25.1° 9.43 28.0° 7.35
n-6/n-3 9.18° 1.79 14.6° 2.96 19.2° 4.87

Different letters in the same row denote significant differences among groups (p<0.05).

each other for the same enzymes for biosynthesis of
LCPUFA.*® Therefore, it is possible that women in riv-
er/lake and inland regions are synthesizing DHA from its
precursor ALA more effectively and that this is why the
DHA content of colostrum in the three regions is more
similar than dietary difference would indicate they might
be. Moreover, young women seem to be fairly efficient at
converting ALA to DHA, at least compared with men.*"
32 All these indicate either that the women are mobilizing
stored DHA during lactation or that they are synthesizing
DHA from ALA. The average (mean or median) DHA
contents of human colostrum collected between day 0 to
day 3 post-partum from previous studies is from 0.32 to
0.56 /100 g total fatty acids,®™® while for colostrum
collected at days 3 to 5 post-partum it is 0.11 to 1.1 g/100
g total fatty acids.”'”*"* The average contents for the
three regions reported in the current study are in accord-
ance with these earlier reports.

Just like DHA,*?** ARA is important for infant devel-
opment.” An earlier study”’ showed that egg was main
food source of ARA in China. However, there was no
association between maternal intake frequency of egg and

the percentage of ARA in colostrum (r=-0.166, p=0.095),
and the colostrum ARA content was similar in all three
regions though the egg intake frequency varied across the
three regions. Once again this may reflect mobilization of
body stores or an ability to synthesize ARA from its pre-
cursor LA.

An appropriate LA/ALA ratio in breast milk (and in-
fant formula) is advantageous for growth of term in-
fants,”®’ because the two fatty acids compete with each
other for the same enzymes for biosynthesis of
LCPUFA.* The former recommended ratio is between
5:1 and 15:1,”® but up-to-date study indicates “there is no
compelling rationale for the continued recommendation
of a specific ratio of n-6 to n-3 fatty acids or LA to
ALA”.* In the current study, the mean ratio in the coastal
and inland regions is well above the mean ratio of riv-
er/lake region. This high ratio appears to involve an ex-
cess of LA-rich foods or culinary oils in the diet (e.g.:
arachis oil). The influence of the high ratio on infant
growth and development deserve to be investigated.

It was recommended that erucic acid content would not
exceed 1% of total fat content in infant formula, this
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guidance was based on data of the composition of human
milk from healthy and well-nourished women, because
erucic acid has “no known nutritional benefit for in-
fants”.** Our data show that even the maximum percent-
age of erucic acid in colostrum (0.44% of total fatty acid,
from river/lake region) was far lower than the recom-
mended upper limit. Just like ALA, the high use of rape-
seed oil could be the reason for the highest erucic acid
content of colostrum in the river/lake region.”' Indeed, a
positive correlation between rapeseed oil intake in the
latest month before the 34™ week of pregnancy and colos-
trum erucic acid content was found (r=0.572, p<0.0001).

The food consumption frequency could reflect local di-
etary pattern to a certain extent in our opinion. In addition,
it is unconvincing to obtain accurate quantitative data
about common food consumption in a food frequency
questionnaire. Therefore, we consider that it is feasible to
calculate the correlation coefficient between food fre-
quency and specific fatty acid in colostrum.

The fatty acid composition in human milk is complex.
Some studies used special fatty acid as internal standard,
such as C17:0, C21:0, C23:0, etc.,'>*>? but other studies
showed that these fatty acids existed in human milk.">*
Therefore, we calculated the percentage of fatty acids in
normalization method without internal standard. The val-
ue of amount of each kind of fatty acid (in form of
mg/100 g colostrum) could be estimated because we re-
ported the amount of total fat content and esterified FA
provides circa 88% of the total lipid in human milk.*

While the fat content of breast milk changes during a
feed, the fatty acid composition remains fairly stable.>**
In the current study the colostrum was collected between
days 3 to 5 post-partum and we did not distinguish be-
tween hindmilk and midstream milk in order to suit the
mothers. Almost all mothers fed their neonate directly
and did not use feeding bottle. That makes it difficult to
estimate the total volume or weight of colostrum during a
feed. However, all mothers lactated abundantly, no neo-
nate needed extra formula.

The overall health implications of colostrum consump-
tion for infants among regions would deserve to be sur-
veyed, but we are unable to continue our study due to
various reasons such as fund limitation and the consent of
mothers and their families.

In summary, the current study indicates that differences
in dietary fish intake and of several other lipid-rich foods
exist among pregnant women from three different regions
in China and that these differences have associations with
differences in n-3 PUFA composition of colostrum. It
appears that marine fish intake by pregnant women might
actively affect DHA concentration in their colostrum.

ACKNOWLEDGEMENTS

Professor Linmao Ma from China CDC provided assistance in
use of SAS software. We thank all the mothers for their effort in
providing personal and dietary information and colostrum sam-
ples. We also deeply thank the following staff from the three
participating institutions: Ms Rong Yu, Ms Hong Shang from
Health Center for pregnant women and infants in Jurong city,
Jiangsu Province, Ms Pan Xiaoqun from Jiangsu CDC, Ms An
Fengjuan, Ms Lan Wang, Mr Xianping Zhang from Hospital of
Rizhao Harbor city, Shangdong Province, Ms Mingxing Yang,

Ms Jianying Hu, Mr Yantao Li from Health Center for pregnant
women and infants in Xushui county, Heibei Province.

AUTHOR DISCLOSURES

This study was financially supported by the European Commis-
sion under Framework 6: Sustainable aquafeeds to maximize the
health benefits of farmed fish for consumers (Aquamax; FOOD-
CT-2006-16249).

REFERENCES

1. Fidler N, Koletzko B. The fatty acid composition of human
colostrum. Eur J Nutr. 2000;39:31-7.

2. Chappell JE, Clandinin MT, Kearney-Volpe C. Trans fatty
acids in human milk lipids: influence of maternal diet and
weight loss. Am J Clin Nutr. 1985;42:49-56.

3. Marangoni F, Agostoni C, Lammardo AM, Giovannini M,
Galli C, Riva E. Polyunsaturated fatty acid concerntrations
in human hindmilk are stable throughout 12-months of lacta-
tion and provide a sustained intake to the infant during ex-
clusive breastfeeding: an Italian study. Br J Nutr. 2000;84:
103-9.

4. Agostoni C. Role of long-chain polyunsaturated fatty acids
in the first year of life. J Pediatr Gastroenterol Nutr.
2008;47:41-4.

5. Carlson SE. Long-chain polyunsaturated fatty acids and
development of human infants. Acta Paediatr. 1999;(Suppl)
430:72-7.

6. Gottrand F. Long-chain polyunsaturated fatty acids influence
the immune system of infants. J Nutr. 2008;138:1807S-12S.

7. Calder PC, Krauss-Etschmann S, de Jong EC, Dupont C,
Frick JS, Frokiaer H et al. Early nutrition and immunity -
progress and perspectives. Br J Nutr. 2006;96:774-90.

8. Harris WS, Connor WE, Lindsey S. Will dietary ®-3 fatty
acids change the composition of human milk? Am J Clin
Nutr. 1984;40:780-5.

9. Gibson RA, Kneebone GM. Effect of sampling on fatty acid
composition of human colostrum. J Nutr. 1980;110:1671-5.

10.Mojska H, Socha P, Socha J, Soplinska E, Jaroszewska-
Balicka W, Szponar L. Trans fatty acids in human milk in
Poland and their association with breastfeeding mothers’ di-
ets. Acta Paediatr. 2003;92:1381-7.

11.Gibson RA, Kneebone GM. A lack of correlation between
linoleate and arachidonate in human breast milk. Lipids.
1984;19:469-71.

12. Molto-Puigmarti C, Castellote Al, Carbonell-Estrany X,
Lopez-Sabater MC. Differences in fat content and fatty acid
proportions among colostrum, transitional, and mature milk
from women delivering very preterm, preterm, and term in-
fants. Clin Nutr. 2011;30:116-23.

13.Gibson RA, Kneebone GM. Fatty acid composition of hu-
man colostrum and mature breast milk. Am J Clin Nutr.
1981;34:252-7.

14.Boersma ER, Offringa PJ, Muskiet FAJ, Chase WM. Vita-
min E, lipid fractions, and fatty acid composition of colos-
trum, transitional milk, and mature milk: an international
comparative study. Am J Clin Nutr. 1991;53:1197-204.

15.Martin J, Niyongabo T, Moreau L, Antoine J, Lanson M,
Berger C, Lamisse F, Bougnoux P, Couet C. Essential fatty
acid composition of human colostrum triglycerides: its rela-
tionship with adipose tissue composition. Am J Clin Nutr.
1991;54:829-35.

16. Pugo-Gunsam P, Guesnet P, Subratty AH, Rajcoomar DA,
Maurge C, Couet C. Fatty acid composition of white adipose
tissue and breast milk of Mauritian and French mothers and
erythrocyte phospholipids of their full-term breast-fed in-
fants. Br J Nutr. 1999;82:263-71.



Colostrum fatty acids in China 281

17.Yu G, Duchen K, Bjorksten B. Fatty acid composition in
colostrum and mature milk from non-atopic and atopic
mothers during the first 6 months of lactation. Acta Paediatr.
1998;87:729-36.

18.Scopesi F, Ciangherotti S, Lantieri PB, Risso D, Bertini I,
Campone F, Pedrotti A, Bonacci W, Serra G. Maternal die-
tary PUFAs intake and human milk content relationships
during the first month of lactation. Clinical Nutrition. 2001;
20:393-7.

19.Lopez-Lopez A, Lopez-Sabater MC, Campoy-Folgoso C,
Rivero-Urgell M, Castellote-Bargallo Al Fatty acid and sn-2
fatty acid composition in human milk from Granada (Spain)
and in infant formulas. Eur J Clin Nutr. 2002;56:1242-54.

20.Spear ML, Bitman J, Hamosh M, Wood DL, Gavula D,
Hamosh P. Human mammary gland function at the onset of
lactation: medium-chain fatty acid synthesis. Lipids. 1992;
27:908-11.

21. Al-Tamer YY, Mahmood AA. Fatty-acid composition of the
colostrum and serum of fullterm and preterm delivering Iraqi
mothers. Euro J Clin Nutr. 2004;58:1119-24.

22.Jansson L, Akesson B, Holmberg L. Vitamin E and fatty
acid composition of human milk. Am J Clin Nutr. 1981;34:
8-13.

23.Chulei R, Xiaofang L, Hongsheng Man, Xiulan Ma,
Guizheng L, Gianhong D, DeFrancesco CA, Connor WE.
Milk composition in women from five different regions of
China: the great diversity of milk fatty acids. J Nutr.
1995;125: 2993-8.

24.Li J, Fan Y, Zhang Z, Yu H, An Y, Kramer JKG, Deng Z.
Evaluating the trans fatty acid, CLA, PUFA and erucic acid
diversity in humanmilk from five regions in China. Lipids.
2009;44:257-71.

25.Wan Z, Wang X, Xu L, Geng Q, Zhang Y. Lipid content and
fatty acids composition of mature human milk in rural north
China. Br J Nutr. 2010;103:913-6.

26.Peng Y, Zhou T, Wang Q, Liu P, Zhang T, Zetterstrom R,
Strandvik B. Fatty acid composition of diet, cord blood and
breast milk in Chinese mothers with different dietary habits.
Prostaglandins Leukot Essent Fatty Acids. 2009;81:325-30.

27.Zhang J, Wang Y, Meng L, Wang C, Zhao W, Chen J,
Ghebremeskel K, Crawford MA. Maternal and neonatal
plasma n-3 and n-6 fatty acids of pregnant women and neo-
nates from three regions of China with contrasting dietary
patterns. Asia Pac J Clin Nutr. 2009;18:377-88.

28. Crozier SR, Robinson SM, Godfrey KM, Cooper C, Inskip
HM. Women’s dietary patterns change little from before to
during pregnancy. J Nutr. 2009;139:1956-63.

29.Michaelsen KF, Dewey KG, Perez-Exposito AB, Nurhasan
M, Lauritzen L, Roos N. Food sources and intake of n-6 and
n-3 fatty acids in low-income countries with emphasis on in-
fants, young children (6-12 months), and pregnant and lac-

tating women. Maternal Child Nutr. 2011;7(Suppl.2):124-40.

30. Sauerwald TU, Demmelmair H, Koletzko B. Polyunsaturat-
ed fatty acid supply with human milk. Lipids. 2001;36: 991-
6.

31.Burdge GC, Jones AE, Wootton SA. Eicosapentaenoic and
docosapentaenoic acids are the principal products of o-
linolenic acid metabolism in young men. Br J Nutr. 2002;
88:355-63.

32.Burdge GC, Wootton SA. Conversion of alpha-linolenic acid
to eicosapentaenoic, docosapentaenoic and docosahexaenoic
acids in young women. Br J Nutr. 2003;90:993-4.

33.Birch EE, Carlson SE, Hoffman DR, Fitzgerald-Gustafson
KM, Fu VLN, Drover JR et al. The DIAMOND (DHA In-
take And Measurement Of Neural Development) Study: a
double-masked, randomized controlled clinical trial of the
maturation of infant visual acuity as a function of the dietary
level of docosahexaenoic acid. Am J Clin Nutr. 2010;91:
848-59.

34.Hibbeln JR. Seafood consumption, the DHA content of
mothers’ milk and prevalence rates of postpartum depression:
a cross-national, ecological analysis. J Affect Disord. 2002;
69:15-29.

35.Birch EE, Castaneda YS, Wheaton DH, Birch DG, Uauy RD,
Hoffman DR. Visual maturation of term infants fed long-
chain polyunsaturated fatty acid—supplemented or control
formula for 12 mo. Am J Clin Nutr. 2005;81:871-9.

36.Jensen CL, Prage TC, Fraley JK, Chen H, Anderson RE,
Heird WC. Effect of dietary linoleic/alpha-linolenic acid ra-
tio on growth and visual function of term infants. J Pediatr.
1997;131:200-9.

37.Rocquelin G, Tapsoba S, Kiffer J, Eymard-Duvernay SE.
Human milk fatty acids and growth of infants in Brazzaville
(The Congo) and Ouagadougou (Burkina Faso). Public
Health Nutr. 2003;6:241-7.

38. ESPGAN Committee on Nutrition. Comment on the content
and composition of lipids in infant formulas. Acta Paediatr
Scand. 1991;80:887-96.

39.Smit LA, Mozaffffarian D, Willett W. Review of fat and
fatty acid requirements and criteria for developing dietary
guidelines. Ann Nutr Metab. 2009;55:44-55.

40.Koletzko B, Baker S, Cleghorn G, Neto UF, Gopalan S,
Hernell O et al. Global standard for the composition of in-
fant formula: recommendations of an ESPGHAN coordinat-
ed international expert group. J Pediatr Gastroenterol Nutr.
2005;41:584-99.

41.Jonsson R. Erucic-acid heredity in rapeseed (Brassica napus
L. and Brassica campestris L.). Hereditas. 1977;86:159-70.

42.Koletzko B, Mrotzek M, Eng B, Bremer HJ. Fatty acid com-
position of mature human milk in Germany. Am J Clin Nutr.
1988;47:954-9.

43.Jensen RG. Lipids in human milk. Lipids. 1999;34:1243-71.



282 YX Gao, J Zhang, C Wang, L Li, Q Man, P Song, L Meng, @ Lie and L Freyland

Original Article

The fatty acid composition of colostrum in three
geographic regions of China

Yi-Xiong Gao Msc', Jian Zhang php"*>, Chunrong Wang Bsc', Lixiang Li Bsc',
Qingqing Man Bsc', Pengkun Song Msc', Liping Meng Msc', @vyind Lie PhD?,
Livar Freyland Php*

'National Institute of Nutrition and Food Safety, Chinese Center for Disease Control and Prevention,

Peking, China
’National Institute of Nutrition and Seafood Research (NIFES), Bergen, Norway

’Department of Biomedicine, University of Bergen, Bergen, Norway
P EZ ARSI A G R e e

Peni it d B2 f VB A spiied o 22 D R Rp T kR
IR /pﬂ%}{ F Fiﬁf‘?mﬁfﬁ}%%ﬂplf_-ﬁﬂo@ E_.ﬁ{%,}, 34 &= = /]\ ) ﬁ’)’i’% 5

W%mﬁoﬁ%r 3E SR PSS e AR 3L g R
®5 = Zf-'li"”iaﬂ"’v aq:r/g,,)i P*ﬁ—} FREEFALR R RFPET L
;‘4{ F Fik,f" f‘ _ﬁ‘—-m%wz & ':1 g —"-i(j:"! ]E:l:’f‘l“/g.%c_ ’ g/lOO g Z“w ;EL)AV\ EJ 9

2.1741.26 ~ 2.50+£1.39 fr 2.68+1.26 (2 F 4= E ¥ T 5 p=0.265)c 4~ 57 1 &
kefo~ A Aede ~n-6 5 AAeIeE n-3 F A Aedoigiapis w4 16:0 ~ 18:1n9 -
18:2n6 = 18:3n3 o @i v 45t P395¢ & SFA fr& n-6PUFA (7p 4 2 &

i > @ & MUFAfri n-3PUFA éhf A 5 5.4 « = # ¥ 45 DHA § £(351
e £ 0 %)A~ %% 0.51£0.18 ~ 0.52+0.20 fr 0.35+0.13 (2 2 4= #F # i+ 5
p=0.0002) o 4xdrut Hp 5 & FHE O HFF 5 4~ 54 ¢ DHA 9= & i+ 4p X (=0.203 >
p—O 040)°c %4 1 P EZ 12 BRI E > AL iafkiasr 3L R 0 B )

R TR S ap i

‘{’%;?:Z}”}?L\Fagﬁﬁi\‘;ﬁi\¥§l§f-ié \:-L:ﬁ-;“,‘{?ﬁi



