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Background: Cooking oil and dietary foods are easily contaminated by aflatoxins (AFs) in Guangxi, China where low birth weight 
and preterm birth were prevalent. However, there are no data on AF exposure in pregnant women or their impact on newborn birth 
outcomes. This study aims to measure the levels and correlations of AFs in cooking oil, estimated dietary intake (EDI) of AFs in 
dietary foods, and serum AFB1 albumin adducts (AFB1-alb) with newborn birthweight and gestational age at birth.
Methods: A prospective study was conducted among 126 pregnant women in Guangxi, China. All recruited women were interviewed 
for demographic data and behavior and obstetric information and then followed up until giving birth. AF measurements were obtained 
from cooking oil, dietary foods, maternal serum, and cord blood and the correlations of AF levels with newborn birthweight and 
gestational age at birth were tested using correlation analysis.
Results: The median EDI of AFs in cooking oil was 2.61 ng/kg.bw/day and in dietary foods 2.95 ng/kg.bw/day. High positive 
correlations among EDI of aflatoxin B1 (AFB1) from cooking oil and dietary foods were found (r > 0.7). Low positive correlations of 
AFB1-alb in maternal serum and cord blood and both EDI of AFB1 in both cooking oil and dietary foods were shown (r ≈0.3). 
Significant correlations between AF levels in both cooking oil and dietary foods with birth weight were found, but very low negative 
correlations (r = - 0.244 ~ −0.285). AFB1 levels in foods, maternal serum and cord blood levels were high in pregnant women with 
newborn low birth weight and preterm birth.
Conclusion: The EDIs of AFB1 from both cooking oil and dietary foods were significantly correlated with AFB1-alb in maternal 
serum and cord blood. Negative correlations of AFs from cooking oils and foods with newborn birth weight should be paid more 
attention.
Keywords: aflatoxins, EDI, birthweight, gestational age at birth, AFB1 albumin adducts

Introduction
Aflatoxins (AFs) are poisonous carcinogens and mutagens which are well-known to be a leading cause of liver cancer1 

and commonly contaminate staple foods such as maize, groundnuts, and peanut oil.2 AFs are most prevalent in areas 
where the climate is wet and hot, with the greatest health risk in developing countries located in tropical regions. Food 
insufficiency and lack of diversity substantially contribute to the susceptibility of individuals chronically exposed to 
AFs.3 Maize, rice, and peanuts are the main contaminated foods in Asia with incidences of contamination of AFs varying 
from 5.4% to 91%.4
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China is one of the countries with the most serious AF contamination, where high contamination with AFs were found in 
corn,5 peanuts, and peanut products including peanut oil.6–9 Aflatoxin B1 (AFB1), aflatoxin B2 (AFB2), aflatoxin G1 (AFG1), 
and aflatoxin G2 (AFG2) were commonly detected in foods, including cooking oil.8,10 Guangxi, a province in the southwest of 
China, was found in a recent study to be the province most seriously contaminated by AFs in China,7 where the cooking oil is 
a common food contaminated by AFs, especially AFB1. Two earlier studies in China detected AFB1 in the cooking oil 
specimens of which the median value of AFB1 in homemade peanut oil was much higher than in commercial cooking oil.6,7 

Apart from cooking oil, AF contamination has also been detected in other dietary foods of which the estimated dietary intake 
(EDI) is now acceptably used to estimate the potential AF exposure in the human body through dietary exposure.11

The EDI of AFs from dietary foods has been reported to be low in high-income countries such as 0.93 to 2.45 ng/kg.bw/day in 
the European Union,12 2.7 ng/kg.bw/day in the United States,13 and 0.004 ng/kg.bw/day in Japan,14 and high in lower middle- 
income countries such as 0.02 to 427.8 ng/kg.bw/day in Indonesia15 and 35.0 to 43.7 ng/kg.bw/day in Vietnam.16 Likewise, in 
China, the EDI of AFs from dietary foods is high, ranging from 15.0 to 27.2 ng/kg.bw/day, of which the highest EDI was found in 
children aged 2–6 years.8 A literature review, searched from 1970 to 2015, published in 201717 found only one cross-sectional 
human study in Kenya reporting significantly lower newborn birth in AF positive mothers. The levels of AFs in serum are 
measured using the aflatoxins albumin adduct such as AFB1 albumin adduct (AFB1-alb), which can remain in the blood for more 
than 2 months, reflecting the past 2–3 months of dietary aflatoxin intake.18 A study found higher levels AFB1-alb in pregnant 
women who had chronic exposure of AFs19 which was significantly associated with newborn low birth weight (LBW), small 
head circumference, and preterm birth (PB).20–22 A previous study in a county of Guangxi, in the Southwest of China, found 
higher prevalences of LBW (10.4%) and PB (11.1%)23 compared to the average rate of LBW (6.1%) and PB (7.0%) in China.24 

Furthermore, most of individuals living in that county use peanut oil for cooking, which is easily contaminated by AFB1in 
previous study.8

To date, the relationship of AFs from different exposures and serum levels has not been clearly identified and there 
have been no studies on the correlation of AF EDI in dietary foods and serum AF levels in pregnant women with their 
newborn’s birth weight and gestational age at birth. Therefore, the aim of this study was to measure the levels and 
correlations of AFs in cooking oil, estimated dietary intake (EDI) of AFs in dietary foods, and serum AFB1 albumin 
adducts (AFB1-alb) with newborn birthweight and gestational age at birth in a county of Guangxi, Southwest China.

Materials and Methods
Study Design and Study Setting
A prospective cohort study was conducted from December 2021 to May 2022 in a county in Eastern Guangxi province with 
a humid subtropical climate and the largest population in Guangxi at over 2 million. In this county, high rates of low birth 
weight (LBW) in 10.4% and preterm birth (PB) in 11.1% were reported between 2016 and 2020,23 and most of the citizens 
consume homemade-peanut oil of which 50% of tested samples had AFB1 exceeding the allowable limit (20 μg/kg).6 The 
study county hospital was chosen to be the study site as it is the biggest county hospital in Guangxi province with more than 
5000 newborns delivered each year. Both rural and urban pregnant women go there for antenatal care and delivery.

Study Participants and Sample Size
Singleton pregnant women at 28 weeks or more of gestation living in study county who come for antenatal care and 
planned to give birth at the study hospital were included. Those having one or more known medical diseases before their 
pregnancy such as hypertension, diabetes, autoimmune diseases, neurological disorders or verbal communication 
disorders such as dumbness, deafness, or mental retardation were excluded. To determine the sample size for the main 
objective for a correlation study, we used the correlation of AFs between serum and breastmilk levels from a previous 
study (r = 0.42).25 Based on α significance level of 0.05, β Type II error of 0.1, and estimated 10% of missing values, at 
least 61 women were needed of which we additionally considered enough women for classification of LBW based on 
birth weight, or PB based on gestational age. To reduce the confounding effect of gestational age on BW and PB, we 
selected gestational ages matched within 3 weeks to achieve a sufficient sample size for each group.
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Variables and Their Measurements
According to the objective of this study, AF measurements were obtained from four sources, namely cooking oil, dietary 
foods, maternal serum, and cord blood. AFs in cooking oil were measured from actual testing of aflatoxin B1 (AFB1), 
aflatoxin B2 (AFB2), aflatoxin G1 (AFG1), aflatoxin G2 (AFG2), and aflatoxin total (AFT), and EDI calculations. For 
dietary foods, only the EDI calculation was used. Actual testing for AFs was done for maternal serum and cord blood 
samples. Only AFB1 and AFT were estimated for EDI from cooking oil and dietary foods. Only AFB1-alb was measured 
from maternal serum and cord blood samples. Apart from the AFs, newborn birthweight (g) was measured using 
Electronic Counting Scale EBSA-20 (Zhongshan jinli electronic weighing equipment CO., Ltd) and gestational age 
(weeks) was defined based on the date from last menstrual period (LMP) recorded in medical card. For pregnant women 
who had uncertain LMP, the ultrasound was used for estimation.

The demographic data and behavior and obstetric information of all participants were collected. The demographic 
factors collected were age group, ethnicity, residency, education, occupation, and family income. The behavioral factors 
recorded were physical exercise during pregnancy and passive smoking (exposure to workplace or home, workplace and 
home or no exposure during pregnancy) and the obstetric details were history of hepatitis B virus (HBV) defined as 
diagnosis of HBV infection before pregnancy, pregnancy complications, and medication intake (mainly due to pregnancy 
complications) and supplementations (folic acid, calcium, iron, and vitamin D) during pregnancy.

Data Collection
All eligible participants were approached during routine antenatal care visit and informed of the goals of the study and 
signed an informed consent form if they agreed to participate. After that face-to-face interviews were obtained from the 
participants using a constructed questionnaire on demographic characteristics and behavior and obstetric information as 
well as a food frequency questionnaire26 for AFs EDI exposure calculations. Then 5 mL of maternal serum during 
pregnancy was collected from each participant. All participants were requested to bring a 250-mL sample of the cooking 
oil they normally used at home to give to the researchers. When the participants came to give birth at the hospital, a cord 
blood sample of 3mL was collected after baby born and before delivery of placenta.

Maternal venous blood and cord blood samples collected were centrifuged at the hospital facility. The resulting upper 
serum portion was carefully separated and were transported daily to the setting county Centre for Disease Control and 
Prevention (CDC) using a transferal box at −20 degrees Celsius (°C) and were stored in a −80 degrees Celsius (°C) 
freezer for AFB1-alb testing. Cooking oil samples were stored in a shaded area at 23°C for testing the levels of AFB1, 
AFB2, AFG1 and AFG2.

Data Management and Statistical Analysis
The data management for the levels of AFs in cooking oil and dietary foods by actual testing and EDI calculation as well 
as other participants’ information was described as the following.

AF Testing
AF testing from the cooking oil samples was conducted in the Guangxi CDC laboratory and analyzed using high- 
performance liquid chromatography tandem mass spectrometry (HPLC-MS/MS) following the China National Food 
Safety Standard GB 5009.22–2016.27 The limits of detection (LOD) of the 4 aflatoxins (AFB1, AFB2, AFG1, AFG2) 
tested were all 0.030 μg/kg while the limits of quantification (LOQ) were all 0.1 μg/kg. According to the method 
recommended by the Global Environment Monitoring System-Food Contamination Monitoring and Assessment Program 
(GEMS/Food), all non-detected results were replaced with zero and LOD to produce the lower bound estimate (LB) and 
the upper bound estimate (UB), respectively.28 Cooking oil with 5 g were placed into a 50 mL centrifuge tube, 15 mL of 
84% acetonitrile, mixed and centrifuge for 30 min. The resulting supernatant was combined with a solution containing 
polysorbate-20 and phosphate buffer saline. The mixture underwent purification by passing through immunoaffinity 
columns. Subsequently, the eluate obtained from the columns was evaporated to dryness using a stream of nitrogen gas. 
The purified extract was dissolved in methanol and then subjected to filtration. Quantification of the filtrate was 
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performed using HPLC-MS/MS with an electrospray ion source in multi-reaction monitoring (MRM) mode. 
Chromatographic separation was achieved using a C18 column with a mobile phase consisting of a mixture of 
acetonitrile, methanol, and ammonium acetate.

AF EDI Calculation
The Estimated Dietary Intakes (EDIs) of Aflatoxins (AFs) from both cooking oil and dietary foods were determined 
using the following formula: EDI ¼ ∑n

i¼1
CRi �Mi

W
Here, the EDI represents the estimated daily dietary AF intake (ng/kg.bw/day), where CRi is the daily consumption 

rate of the i-th food item (g/person/day), Mi is the value level of AFs in each food category (ng/kg), and W is the body 
weight (kg) calculated based on the mean weight of participants before pregnancy, routinely self-reported and recorded at 
the first antenatal care visit and before delivery.

The dietary EDI is the cumulative sum of the EDI from cooking oil and the EDI from other dietary foods. The 
consumption rates (CRi) or dietary foods were obtained through a questionnaire. Notably, for the cooking oil, the values 
for Mi were derived from the test results from our study. Conversely, the values for Mi of dietary foods were based on 
5-year monitoring data from a previous report.7

AFB1-Alb Testing
An AFB1-alb ELISA kit (Shanghai Xinyu Biotechnology Co., Ltd.) was used to detect the AFB1-alb content in the serum 
samples, which testing method was used in a previous study.29 The absorbance (OD) of the samples was measured at 
a wavelength of 450 nm using an enzyme-plate analyzer. The percentage absorbance value was determined by dividing the OD 
value of the standard solution by the OD value of the 0 ng/mL standard solution, and then multiplying the result by 100%. The 
curve was constructed by plotting the logarithm (log) of the standard concentrations of Aflatoxin B1 albumin adduct on the 
X-axis and the corresponding percentage absorbance values on the Y-axis. Based on the constructed standard curve, the 
reciprocal values of the aflatoxin B1 albumin adduct concentrations were obtained. By taking the reciprocal, the concentration 
of AFB1-alb in the sample could be determined in ng/mL. The detection limit of this kit was specified as 0.05 ng/mL. All non- 
detected results (less than 0.05ng/mL) were replaced with 1/2 detection limitation.

Participant Information
The age was collected in years and then categorized into age groups, which were divided into <20, 20–34, and ≥35 years. 
Ethnicity was categorized into Han and other, while residency was categorized into urban and rural. Education was 
divided into three levels, middle school and above, high school, and college and above, while occupation was categorized 
into four types, government staff, farmer or worker, self-employed, and other. Family incomes were converted from 
Chinese Yuan (CNY) into United States Dollars (USD), and divided into four levels ≤450, 450–750, 750 −1500 USD/ 
month, and >1500 USD/month.

All data were analyzed using R software version 4.1.2 (The R Foundation for Statistical Computing 2020, Vienna, 
Austria). Mean ± standard deviation or median with interquartile range for continuous data or percentage for the categorical 
data were used for the characteristics of the participants. Correlations of exposures and outcomes were analyzed using the 
corrplot and ggcorrplot packages. Correlations are presented using correlation coefficients (r) and interpreted as very high 
positive (negative) correlations with r 0.90 to 1.00 (−0.90 to −1.00); high positive (negative) correlations with r 0.70 to 
00.90 (−0.70 to −0.90); moderate positive (negative) correlations with r 0.50 to 0.70 (−0.50 to −0.70); low positive 
(negative) correlations with r 0.30 to 0.50 (−0.30 to −0.50); or very low positive (negative) correlations with r 0.00 to 0.30 
(0.00 to −0.30).30 The levels of AFB1-alb in the maternal serum and cord blood were analyzed and represented by the 
ggplot2 and ggpubr packages. A p-value less than 0.05 was considered statistically significant.

Results
The socio-demographic characteristics and behavioral and obstetric factors of the 126 study participants are shown in 
Table 1. The majority of participants lived in a rural area, were aged between 20–30 years, worked as a farmer or worker, 
and had a family income between 450 and 1500 USD/month. Most of them had regular physical exercise, and more than 
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Table 1 Characteristics of the Study Participants

Variables Number of Participants (N=126)

Socio-demographic characteristics
Age (mean ±sd) 30.1 ±5.5

Age group

<20 3 (2.4)
20–34 91 (72.2)

≥35 32 (25.4)

Ethnicity
Han 118 (93.6)

Other 8 (6.4)
Residency

Urban 21 (16.7)

Rural 105 (83.3)
Education

Middle school and below 69 (54.8)

Junior or high school 45 (35.7)
College and above 12 (9.5)

Occupation

Government staff 17 (13.5)
Famer or worker 52 (41.3)

Self-employed 17 (13.5)

Other 40 (31.7)
Family income (USD/month)

<450 20 (15.9)

450–750 41 (32.5)
750–1500 48 (38.1)

>1500 17 (13.5)

Behavioral and Obstetric factors
Physical exercise during pregnancy

Yes 95 (75.4)

No 31 (24.6)
Passive smoking

No 42 (33.3)

Workplace or home 55 (43.7)
Workplace and home 29 (23.0)

History of HBV

Yes 11 (8.7)
No 115 (91.3)

Pregnancy complications

No 87 (69.1)
Yes 39 (30.9)

Folic supplementation

Yes 115 (91.3)
No 11 (8.7)

Calcium supplementation

Yes 92 (73.0)
No 34 (27.0)

Iron supplementation

Yes 48 (38.1)
No 78 (61.9)

(Continued)
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65.0% were exposed to passive smoking in at least one location. One-third of them reported having previous pregnancy 
complications and 22.2% were taking medications during their pregnancy. Folic acid and calcium supplementation were 
prescribed in 91.3% and 73.0% of the participants, respectively.

The estimated dietary intakes (EDIs) of aflatoxin B1 (AFB1) and aflatoxin total (AFT) from the cooking oil and total 
EDI are presented in Table 2. The levels of AFB1 and AFT were not normally distributed. AFB1 was the main EDI 
exposure of AFs in cooking oil and total diet with median values of 2.61 ng/kg.bw/day and 2.95 ng/kg.bw/day, 
respectively. The lower and upper medians of AFT levels in cooking oil were 2.74 and 2.80 and in the total diet were 
3.03 and 3.11 ng/kg.bw/day, repetitively. Only 44 samples (37.0%) had aflatoxin B2 (AFB2) with a mean value of 1.48 
ug/kg and a zero median value. AFG1 and AFG2 were non-detectable in all cooking oil samples.

The correlations among the measured AFB1 levels and measured AFT and EDI of AFB1 and AFT in cooking oil and 
dietary foods, and maternal serum and cord blood AFB1 albumin adducts (AFB1-alb), newborn birthweight and gestation 
age at birth are shown in Figure 1. Very high positive correlations were found between measured AFB1 and AFT in only 
cooking oil and among AFB1and AFT measured by EDI regardless of cooking oil and dietary foods, with correlation 
coefficients (r) of more than 0.900. High positive correlations were found for AFB1-alb measured from serum and cord 
blood (r = 0.822). Both measured AFB1 and AFT in cooking oil had high correlations with the EDI of both AFB1 and 
AFT in cooking oil and dietary foods, with correlation coefficients ranging from 0.744 to 0.755. Moderate positive 
correlations were found between birth weight and gestational age (r = 0.649). Very low negative correlations were found 
between birth weight and any AF measurements in both cooking oil and dietary foods (r = - 0.244~ −0.285).

The levels of AFB1 in cooking oil, AFB1-alb in maternal serum, and cord serum AFB1-alb, categorized by low birth 
weight (LBW), normal birth weight (NBW), preterm birth (PB), and non-preterm birth (NPB), are shown in Table 3. 
Three samples of maternal serum (2.38%) were non-detectable of AFB1-alb while all cord blood sample were detectable 
Their mean and median values in both cooking oil AFB1and maternal serum AFB1-alb were higher in both the LBW 
(mean and median of cooking oil: 14.33 ug/kg and 5.70 ug/kg; mean and median of maternal serum: 4.55 ng/mL and 
4.96 ng/mL) and PB (mean and median of cooking oil: 14.11 ug/kg and 6.18 ug/kg; mean and median of maternal serum: 
4.51 ng/mL and 4.92 ng/mL) groups compared to those in the NBW (mean and median of cooking oil: 9.88 ug/kg and 
4.78 ug/kg; mean and median of maternal serum: 4.14 ng/mL and 3.85 ng/mL) and NPB (mean and median of cooking 

Table 1 (Continued). 

Variables Number of Participants (N=126)

Vitamin D supplementation

Yes 14 (11.1)
No 112 (88.9)

Medicine intake during pregnancy

No 98 (77.8)
Yes 28 (22.2)

Abbreviations: USD, US dollars; HBV, hepatitis B virus.

Table 2 Estimated Dietary Intake to AFs from Dietary Foods Categorized by Cooking Oil and Other Foods

Type of 
AF

Subtypes EDI of Cooking Oil (ng/kg.bw/day) Total EDI (ng/kg.bw/Day)

Mean P25 Median P75 P95 Max Mean P25 Median P75 P95 Max

AFB1 LB 7.41 1.20 2.61 8.77 30.26 66.51 7.64 1.40 2.95 9.12 30.55 66.65

UB 7.41 1.20 2.61 8.77 30.26 66.51 7.64 1.40 2.95 9.12 30.55 66.65
AFT LB 8.34 1.20 2.74 9.85 35.98 66.51 8.57 1.41 3.03 10.46 36.27 66.72

UB 8.39 1.24 2.80 10.02 36.06 66.58 8.62 1.44 3.11 10.55 36.34 66.72

Notes: EDIs of other foods obtained from the Guangxi CDC monitoring published data, calculated by AFB1 exposure level since the AFB2, AFG1, and AFG2 
levels were non-detectable. 
Abbreviations: AFB1, aflatoxin B1; AFT, aflatoxin total; LB, lower bound; UB, upper bound; EDI, estimated dietary intake.
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oil: 10.03 ug/kg and 4.00 ug/kg; mean and median of maternal serum: 4.19 ng/mL and 3.73 ng/mL) groups. The mean 
and median values for cord blood serum AFB1-alb in LBW (mean: 3.46 ng/mL and median 2.48 ng/mL) similar to the 
NBW (mean: 3.69 ng/mL and median 2.13 ng/mL) group. Figure 2 presents the changes of AFB1-alb measured in 
maternal serum before delivery and cord blood serum after delivery followed up from the same women in the NBW and 
LBW groups. Lower cord blood levels compared to maternal serum were observed in both groups but more in the LBW 
group (Figure 2A) than the NBW (Figure 2B) group. Figure 3 presents the changes of AFB1-alb measured in maternal 
serum before delivery and cord blood serum after delivery followed up from the same women in the NPB and PB groups. 
Lower cord blood levels compared to maternal serum were observed in both groups but more in the NPB group 
(Figure 3B) than the PB (Figure 3A) group.

Discussion
The pregnant women in Guangxi, China study cohort were exposed to aflatoxins, particularly aflatoxin B1 (AFB1) and 
aflatoxin total (AFT) which were consistently detected from different sources including the estimated dietary intake 
(EDI) of dietary foods, mainly from cooking oil, and maternal serum and cord blood. High significantly positive 
correlations between AFB1 and AFT levels from cooking oil and the EDI of cooking oil and dietary foods were 
observed. Although low positive correlations of EDI of foods with AFB1-alb levels in both maternal serum and cord 
blood or very low correlations with birth weight and gestational age at birth were found, the levels of AFB1 in maternal 

Figure 1 Correlations between the levels of AFB1 and AFT from oils, dietary foods and birth weight and birth GA. 
Notes: X-axis is the correlation coefficient value; gray area was the size of correlation: **p value less than 0.01 but bigger than 0.001, ***p value less than 0.001. 
Abbreviations: AFB1, aflatoxin B1; AFT, aflatoxin total; AFB1-alb, AFB1 albumin adduct; GA, gestation age; EDI, estimate dietary exposure.
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Table 3 AFB1 Level from Foods, AFB1 Albumin Adducts from Maternal Serum and Cord Blood Between LBW and NBW, PB and NPB

Type of Outcome Cooking oil AFB1 (ug/kg)* Maternal Serum AFB1-alb (ng/mL) Cord Blood Serum AFB1-alb (ng/mL)∯

Mean ± SD Median (IQR) Range Mean ± SD Median (IQR) Range Mean ± SD Median (IQR) Range

LBW (n = 63) 14.33 ± 20.04 5.70 (2.80,16.2) 0.01–109.93 4.55 ± 3.37 4.96 (0.60,7.94) 0.03–8.45 3.46 ± 3.15 2.48 (0.20,6.45) 0.05–8.31

NBW (n = 63) 9.88 ± 10.28 4.78 (2.85,14.10) 0.01–40.57 4.14 ± 3.44 3.85 (0.42, 7.68) 0.05–8.50 3.69 ± 3.48 2.13 (0.31,7.80) 0.07–8.65

PB (n = 64) 14.11 ± 19.46 6.18 (3.08,15.50) 0.01–109.93 4.51 ± 3.43 4.92 (0.40, 8.11) 0.03–8.50 3.85 ± 3.16 3.73 (0.40,6.57) 0.05–8.42
NPB (n = 62) 10.03 ± 11.23 4.00 (2.69, 13.70) 0.01–43.00 4.19 ± 3.38 3.73 (0.46, 7.63) 0.03–8.44 3.31 ± 3.48 1.15 (0.21,7.33) 0.73–8.65

Notes: *Using the upper bound value to calculate. Only 44 (36.97%) cooking oil samples had detectable AFB2 with a mean value of 1.48 ug/kg and median value of non-detectable In all samples AFG1 and AFG2 were non-detectable 
Mean differences of AFs in cooking oil, maternal serum, and cord blood between LBW and NBW or PB and NPB were not statistically significant. There were 3 samples of maternal serum (2.38%) were non-detectable of AFB1-alb. 
∯The missing value of cord blood samples were 3 in PB group and 4 in NPB group. 
Abbreviations: AFB1, aflatoxin B1; LBW, low birth weight; NBW, normal birth weight; PB, preterm birth; NPB, non-preterm birth; AFB1-alb, AFB1 albumin adduct; SD, standard deviation; IQR, interquartile range; ug/kg, micrograms/ 
kilogram; ng/mL, nanograms/milliliter.
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serum and cord blood were not negligible. The AFB1 albumin adducts (AFB1-alb) in maternal serum and cord blood of 
the low birth weight (LBW) group were higher than those in the normal birth weight (NBW) group as well as those in the 
preterm birth (PB) group was higher than in the non-preterm birth (NPB) group. The changes of AFB1-alb measured in 
maternal serum before delivery and cord blood serum after delivery followed up from the same women were more 
frequently detected in the LBW and NPB groups.

Most related studies reported the EDI of AFs mostly from corn, rice, peanuts, and other foods;31–33 however, there have 
been few studies on the EDI of AFs from cooking oil or peanut oil.34 A study conducted in Egypt showed that the EDIs of 
AFB1 in vegetable oils ranged from 0.00047 to 0.30 ng/kg.bw/day,35 which was much lower than our study. Another study in 
Pakistan on the EDI of AFT in sunflower oil found that its values among females aged 16–32 years were lower than our 
findings.36 From the findings of a systematic review on the AFB1 and AFT in common dietary foods, the EDIs of AFB1 or 
AFT in our study were lower than in studies conducted in low- and middle-income countries, namely India, Vietnam, Ghana, 
Malawi, Nigeria, Tanzania, Togo, Iran, and Qatar, but higher than in studies conducted in high-income countries.37 This 
implies that the AFs were detected from foods mostly from low- and middle-income rather than high-income countries, and 
the sources of food contaminations depended on the types of foods commonly consumed in tropical areas of the country.15,37

In Guangxi province, China, our study setting, we found the food most affected by AFB1-contamination was homemade 
peanut oil.38 The mean EDI values of AFB1 from cooking oil in our study in 2021 were consistent with a previous study in 
Guangxi among the general population in 2020,7 but lower than a study conducted in 2017.6 This may be due to the 
implementation of government policies in Guangxi province to control the homemade peanut oil manufacture procedure 
included strengthened the supervision, evaluation, and monitoring of AFB1 when the media reported higher AFB1 detected in 
homemade peanut oil.39 The EDI value in our setting was also 50% lower than the findings of another study conducted in the 

Figure 2 The AFB1-alb levels in maternal serum and cord blood in relation to (A) LBW and (B) NBW. 
Notes: The median differences between AFB1-alb levels in maternal serum and cord blood in LBW and NBW were significant ((A), p = 0.001) and ((B), p = 0.028). 
Abbreviations: LBW, low birth weight; NBW, normal birth weight; AFB1-alb, AFB1 albumin adducts.
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same year in Shandong province, China which is a well-known area for high peanut oil consumption.40 However, the EDI of 
AFT from cooking oil among the pregnant women in our study was four times higher than the national level in China but two 
times lower than that of Guangdong province.8

Very high positive correlations were shown between measured AFB1 and AFT in only cooking oil and among AFB1and 
AFT measured by EDI regardless of cooking oil and dietary foods. It may be because the cooking oil was the main source of 
AFB1 and AFT contamination in dietary exposure, which is consistent with a previous study that found cooking oil 
contamination was more serious than contamination in other foods.8 Another study found that serious AFB1 contamination 
was usually from bulk cooking oil, known as homemade peanut oil, especially in the South of China.41 However, to date, there 
have been no studies examining the correlations between the EDI values of AFs in dietary sources and AFB1-alb levels in the 
serum in pregnant women, including their newborns’ cord blood. There has been only one study which reported a significant 
association between the daily consumption of local milk and AF levels in breast milk.25

A high positive correlation between AFB1-alb levels in maternal serum and cord blood was found in our study 
participants, which was consistent with the findings from a previous study conducted in the United Arab Emirates,42 even 
though this study measured aflatoxin M1 (AFM1) levels, not AFB1-alb levels as in our study. AFM1 is a common 
biological marker but likely to reflect exposure only for the last 24–48 hours, while the albumin adduct of AFs such as 
AFB1-alb reflect 2–3 months of chronic exposure and are more reliable for aflatoxin measurements.43 Another study 
conducted in Gambia reported moderate correlations, but the AF-alb levels in maternal and cord blood were measured 
using different units and method of measurement,2 not AFB1-alb thus a comparison could not be directly made. 
However, different methods of AF measurements reflect maternal AF exposure and its transportation across the placenta 
to the fetus. Our study showed low positive correlations between the EDIs of AFB1 and AFT from both cooking oil and 

Figure 3 The AFB1-alb level in maternal serum and cord blood categorized in (A) PB and (B) NPB. 
Notes: The median differences between AFB1-alb levels in maternal serum and cord blood in LBW and NBW were significant ((A), p = 0.002) and ((B), p = 0.013). 
Abbreviations: PB, preterm birth; NPB, non-preterm birth; AFB1-alb, AFB1 albumin adducts.
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dietary foods with AFB1-alb blood levels, and these correlations between AFs in foods and maternal serum level were 
consistent with the findings from a study conducted in Timor in 2019.44 Such lower maternal serum levels compared to 
EDI levels could be explained by the influence of rumen microbiota in the human body on the ability of mycotoxin 
degradation and individual susceptibility reflecting AF metabolism.1

There were few studies on the correlations of AF levels in cooking oil and dietary foods and serum or cord blood with 
newborn birth weight and gestational age at birth which showed inconsistent findings. Our study found significant but 
very low negative correlations between newborn birth weight and the EDI of AF values in cooking oil and dietary foods 
were found in our study women, which were similar to the findings of a study which found that AF exposure through 
food affected children’s growth.19 No significant correlations between newborn weight or gestational age and AFB1-alb 
levels in either maternal or cord blood may be explained through the levels of AFs,45 since previous studies having AF 
levels in maternal serum less than 5 ng/mL showed no significant associations in Tanzania,45 Nepal,46 or a report from 
China.47 In contrast, levels of AFs in maternal serum greater than 5ng/mL were negatively associated with birth weight in 
studies conducted in the United Arab Emirates20 and Ghana.22 However, although the maternal serum AFB1-alb level of 
our study was marginal at around 5ng/mL, the effects of AF exposure should not be overlooked.

AF detection in maternal serum and cord blood confirmed the biological mechanism from mother to fetus. Lower levels in 
cord blood than maternal serum was similar to a finding among Gambian pregnant women,2 which may be because of the interval 
between maternal serum and cord blood testing. We could not find an explanation for higher levels of AFB1 in cooking oil, 
AFB1-alb in maternal serum, and cord blood seen in both the LBW and PB groups compared to the NBW and NPB groups. 
However, we hypothesized that the mediation of plasma insulin-like growth factor-1 (IGF-1) for LBW could be due to the 
relationship between plasma insulin-like growth factor-1 (IGF-1) and LBW48,49 and aflatoxin and plasma insulin-like growth 
factor 1 levels,50,51 not PB.52

Our study highlights the comprehensive correlations between of AFs from cooking oil and dietary foods with 
maternal serum, cord blood and newborn birth weight and gestational age at birth which have not been previously 
published. The levels of AFs tested from cooking oil that the study women consumed were used to calculate the EDIs of 
AFs for dietary foods, which are more accurate than mean or median from previous estimated charts. A prospective 
follow-up study design including stratification of LBW and NBW groups could make us to explore the potential 
relationships of AF levels in maternal serum and cord blood and adverse birth outcomes.

There were some limitations to the study. First, the consumption of dietary foods was assessed using questionnaires, which 
may have introduced recall bias. However, this bias was likely minimal as the data collection was collected concerning the 
previous 7 to 10 months diet, and the participants’ lifestyles regarding the use of cooking oils tended to be consistent. Second, 
we used median values from published monitoring data in Guangxi for EDI calculations of other foods because the Guangxi 
Centre for Disease Control and Prevention has tested dietary foods for over 5 years. Third, we included pregnant women with 
gestational age at least 28 weeks but did not record the actual gestational age when the maternal serum was collected which 
may have affected the relationship between maternal AF levels and cord blood due to the time interval from AF testing from 
collecting the maternal serum and cord blood at delivery. However, this bias was expected to be minimal as the maximum 
period until delivery was less than 3 months. Lastly, in this paper, we presented only the correlations of AF levels in different 
sources, not the factors associated with the levels since these levels would be analyzed and published elsewhere.

Conclusion
The concentrations of EDI of AFB1 and AFT from both cooking oil and dietary foods from pregnant women in 
a province in Guangxi, China showed significant correlations with AFB1-alb in maternal serum and cord blood as 
well as birth weight. The higher the EDI of AF values in cooking oil and dietary foods, the lower the newborn birth 
weight was found. Pregnant women with LBW newborns had higher levels of AFB1-alb in the maternal serum and cord 
blood than those with NBW. Future research on the effects of AFs on adverse pregnancy outcomes and interventions for 
reducing AF exposure in pregnant women should be done.
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