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ABSTRACT

B-vitamin content of plant-based foods can be deeply modified by fermentation, particularly the active cobalamin form, which is often
considered to be zero in food composition databases. We simulated the consequences of including or excluding the impact of fermentation in
estimating folate and cobalamin adequacy using secondary data obtained from a survey of 323 women in Ethiopia plus the vitamin content
of injera (fermented flat bread) reported in the literature. As folate content can change during fermentation, the prevalence of inadequacy in
scenarios that include the effect of fermentation was higher (90%) or lower (67%) than in the original data. Our simulation based on data
obtained using cobalamin-producing microorganisms lowered the prevalence of inadequacy to 54%. Ignoring the impact of fermentation
may result in substantial misestimation of folate and cobalamin adequacy in Ethiopia, and it should be evaluated in other contexts in which

fermented foods are consumed as staple foods.
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Introduction

B-vitamins such as folate (vitamin B9) and cobalamin
(vitamin B12) are water-soluble vitamins playing key roles in
human metabolism. They function as cofactors, coenzymes, and
transcription control factors. Because humans lack the ability to
synthesize these vitamins, they must be obtained from dietary
sources. Unfortunately, folate and cobalamin deficiencies are
prevalent in many countries, particularly in low-income regions
[1-3]. These deficiencies pose a severe threat to human health,
leading to devastating and life-threatening conditions and
contributing to anemia burden, especially in vulnerable groups
such as children and pregnant women [4].

Fermented foods are staple foods in many countries, and
fermentation can strongly influence the folate and cobalamin
content of the raw material due to the action of microorganisms

that either consume the folate that was originally present or
produce folate and/or cobalamin [5-7]. Thus, spontaneous and
backslopping fermentation produce final products with highly
variable folate content, and estimations of its contribution to
vitamin requirements based on the raw material are not accurate.
In international guidelines and food composition tables [8,9],
cobalamin values have often been assumed to be zero in unforti-
fied plant-based foods, with the exception of fermented foods.
However, a pioneer work on tempeh (produced from soy) showed
that significant amounts of cobalamin were present [7]. However,
overall, analyses of cobalamin concentrations are rarely con-
ducted on fermented products [10,11]. As a result, cobalamin
values are likely to be considered zero by default, even in fer-
mented products of plant origin, which, in turn, may lead to errors
in estimating the prevalence of inadequate intakes in contexts
where fermented products are consumed as staple foods. The

Abbreviations: EAR, estimated average requirement; MSM, multiple source method.
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bioavailability of folate from food is typically estimated to be
~50% when nutritional recommendations are formulated [4].
However, results in the literature concerning the bioavailability of
natural folates compared with that of folic acid are not always in
agreement and range from 44% to 80% of that of folic acid [12].
In contrast, cobalamin is only synthesized by certain microor-
ganisms, which are also able to produce different cobalamin an-
alogs (corrinoids), not biologically active in humans [13].

Injera is a fermented, thin, soft, round, sour-tasting flatbread,
often prepared from teff, a widely consumed staple in Ethiopia
[14]. Recent work on samples collected in different households in
Addis Ababa, showed that fermentation of teff flour during injera
preparation significantly increased the corrinoid content, leading
to a final product with <5.7 ng/100 g, i.e., theoretically fully able
to meet the recommended nutritional intake because injera con-
sumption is between 130 and 202 g/d [6]. Although the corrinoid
identified was the biologically inactive form [15], these results are
promising because the efficiency of using bacteria selected for
their ability to produce the active cobalamin form has been
demonstrated at the laboratory scale [15]. Furthermore, it was
shown that depending on the microorganisms responsible for this
so-called “natural fermentation,” the folate content in injera can
increase or decrease during fermentation [5,6]. The use of
folate-producing bacteria isolated from injera dough was also
shown to efficiently maximize folate production [15].

The aim of the present study was thus to measure the differ-
ence between estimates of folate and cobalamin intake adequacy
depending on whether or not the impact of fermentation during
injera preparation is taken into consideration. To this end, sec-
ondary quantitative 24-h recall data from a survey of 323 women
in Ethiopia were used along with folate and cobalamin contents
reported in the literature. Data on samples collected both in the
field and from samples prepared in the laboratory from folate
and cobalamin-producing microorganisms were used to show
maximum potential intake adequacy.

Methods

Study population

The original dietary data used for this study were downloaded
from the FAO/WHO GIFT open-access online platform (https://
www.fao.org/gift-individual-food-consumption/en). The study
protocol is described in detail elsewhere [16]. Briefly, the study
was conducted in a rural community located in the district of
Butajira, Southern Ethiopia, from the 2 July to 30 August 2013.
Simple random sampling was used to recruit 159 pregnant women
and 164 women who were not pregnant (mean age of the whole
sample was 29.8 y). Dietary intake data were collected using
multiple-pass interactive 24-h recall interviews with the women in
their own homes. Portion sizes were estimated using common
household measures (e.g., a spoon). A second 24-h recall was
repeated with 41 pregnant women and 25 women who were not
pregnant belonging to the same sample and used to adjust for
day-to-day variations in nutrient intakes. The Ethiopian food
composition table was used to calculate nutrient content [17].

Nutritional composition simulation
In the dietary survey used for this study, folate content was
reported but not cobalamin content. We consequently used the
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cobalamin content for animal products listed in the 2018 Kenyan
food composition table [18] while assuming zero cobalamin
content for all plant-based human foods, including injera. In the
simulation, we assumed that the folate and cobalamin contents
from the dietary survey were similar irrespective of the type of
teff (red or white) or the proportion of teff flour to that of the
other flours (maize or millet) used in the preparation of the injera
(from 25% to 100%), whereas in the original dietary data, ac-
cording to these criteria, the folate content of injera varied from
0 to 18 pg/100 g fresh base.

Next, we simulated the effect of including the impact of fer-
menting teff batter during the preparation of injera on folate and
cobalamin contents. In 3 scenarios (Scl, Sc2, and Sc3), we
replaced the folate content of injera with minimum, mean, and
maximum values (7.4, 15.1, and 31.7 pg/100 g food folate fresh
basis, respectively) measured on samples of teff-based injera
taken from 10 to 20 randomly selected households in the 10
subcities of Addis Ababa [5,6]. In another scenario (Sc4), we
included data on teff-based injera prepared in the laboratory
using 1 folate-producing bacterium (31.4 pg/100 g fresh basis
[15]). The measurements were taken using a microbiological
assay [19]. In the final scenario (Sc5), we included laboratory
data obtained using 1 cobalamin-producing bacterium (2.5
1g/100 g fresh basis [15]). The measurements were taken using
the microbiological assay kit (P1002, r-Biopharm) and a 96-well
microwell plate.

Estimation of usual intakes

The usual intake distribution of folate and cobalamin was
estimated using the multiple source method (MSM) online
interface (https://msm.dife.de/, accessed on the 6 May 2024).
Briefly, the MSM is a linear regression model in which the pre-
dicted consumption and the corresponding model residuals are
estimated with covariates, and the residuals of the linear
regression model are then transformed to normality by a 2-
parameter BOX-COX transformation [20]. Due to the absence
of food frequency data, we used the MSM default option,
assuming all participants are habitual consumers of folate and
cobalamin. Covariates in the usual intake models included age
(years) and pregnancy status.

Statistical analyses

The average dietary pattern of the participants was described
using elemental statistics (mean, SD) of consumption of the 15
food groups listed on the Minimum Dietary Diversity for Women
classification (10 main food groups plus 5 additional food
groups, [21]). To assess the adequacy of the nutrient intakes, we
used the harmonized estimated average requirement (EAR)
values for nonpregnant and pregnant women: 250 pg and 520 pg
of folate for nonpregnant and pregnant women, respectively, and
2.0 pg and 2.2 pg of cobalamin for nonpregnant and pregnant
women, respectively [22]. Based on the MSM estimates of usual
folate and cobalamin intakes, we calculated the prevalence of
inadequate intakes using the EAR cut-point method, as well as
the probabilities of adequacy, which combine the distributions of
requirements and intakes within the group to estimate the ex-
pected proportion of individuals at risk of inadequacy. The EAR
cut-point method is simpler than the probability approach,
because it only counts how many individuals in the group of
interest have usual intakes that are below the EAR [23].
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Results

Description of the dietary pattern

Figure 1 shows the average food group intakes calculated
directly from the observed values. The dietary pattern was
characterized by a plant-based diet, mainly composed of grains,
white roots and tubers and plantain (mean 497 g/d), dark green
leafy vegetables (235 g/d), other vegetables (100 g/d), and
pulses (69 g/d). Specifically, the average consumption of injera
was 170 g/d among the total sample and 442 g/d among the
consumers only (38% of the total sample). Consumption of ani-
mal source foods was extremely low, with 15.2 g/d of milk and
milk products and 3.5 g/d of meat, poultry, and fish. There was
no difference in consumption between nonpregnant and preg-
nant women, except for 3 food groups that are not widely
consumed: milk and milk products, eggs, and other fruits (data
not shown).

Usual intakes and nutrient adequacy

Table 1 lists the usual intakes, probabilities of adequacy, and
prevalence of inadequacy across the original data and the sim-
ulations. In the original data, the usual intake of folate was 226 +
77 and 208 + 61 pg/d in pregnant and nonpregnant women,
respectively, and the usual intake of cobalamin was 0.29 + 0.63
and 0.09 + 0.43 pg/d, respectively. The probabilities of ade-
quacy were low (<0.17), and prevalence of inadequacy was high
(>87%) for both nutrients and the 2 groups of women.

Using the minimum and average values of folate measured in
samples of teff-based injera (Scl and Sc2) barely changed the
usual intakes and nutrient adequacy. Using the maximum values
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of folate measured in samples collected in Ethiopia and values
measured in injera prepared in the laboratory (Sc3 and Sc4), in
both scenarios, the usual intake of folate by nonpregnant and
pregnant women was higher than revealed by the original data. As
a result, the prevalence of inadequacy was divided by 1.29 in
nonpregnant women compared with the original data, whereas
the prevalence of inadequacy barely changed in pregnant women.

When a cobalamin-producing bacterium was used in the
laboratory (Sc5), we observed a dramatic increase in the usual
intake of cobalamin from 0.09 pg to 4.20 pg in nonpregnant
women and from 0.29 to 4.70 pg in pregnant women, i.e., the
prevalence of inadequacy was divided by 1.54 and 1.80 in
nonpregnant and pregnant women, respectively, compared with
the original data.

Discussion

In this simulation study based on dietary data collected in a
survey of 323 women in Ethiopia, we observed that, depending
on whether the impact of fermentation during injera preparation
is taken into consideration or not, we could go from having
substantially similar results to major differences between esti-
mates of folate and cobalamin adequacy. These differences in
estimates could have been even greater if the prevalence of injera
use had been higher in the original data. Because ~80% of the
sample had a single 24-h dietary recall, we may well have
underestimated the prevalence of true injera consumers in the
survey area (38% in the study). Moreover, injera consumption is
higher in urban areas and even higher in big cities than in rural
areas like the one in which the original data were collected [24].
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FIGURE 1. Average dietary patterns of nonpregnant and pregnant women living in Butajira district, Southern Ethiopia (n =313).
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TABLE 1
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Usual intakes, probability of adequacy, and prevalence of inadequacy across the original data and the simulations in nonpregnant and pregnant
women living in Butajira district, Southern Ethiopia (n = 313).

Nutrient Scenario Content Nonpregnant women (n = 164) Pregnant women (n = 159)
(.er.IOO(g 1)n Usual Probability Prevalence of Usual Probability Prevalence of
injera (ig Intake' of adequacy’ inadequacy (%) Intake' of adequacy’ inadequacy (%)
Folate Original data (0-18) 208 (61.0) 0.17 (0.29) 86.6 226 (77.3) 0.01 (0.08) 99.4
Scl 7.4 199 (29.0) 0.15 (0.25) 90.2 213 (75.0) 0.01 (0.06) 99.4
Sc2 15.1 211 (45.9) 0.16 (0.26) 88.4 226 (81.8) 0.02 (0.10) 98.7
Sc3 31.7 240 (99.1) 0.35 (0.40) 67.1 256 (103) 0.04 (0.16) 96.9
Sc4 31.4 239 (98.7) 0.35 (0.40) 67.1 255 (103) 0.04 (0.16) 96.9
Cobalamin Original data 0 0.09 (0.43) 0.01 (0.11) 98.8 0.29 (0.63) 0.03 (0.15) 97.5
Sc5 2.5 4.20 (6.31) 0.36 (0.48) 64.0 4.70 (4.68) 0.46 (0.50) 54.1

In the original dietary data, the folate content of injera ranged from 0-18 pg/100 g fresh basis according to the type of teff (red or white) and the
proportion of teff flour to that of the other flours (maize or millet) used in the preparation (25%, 50%, 75%, or 100%). Sc1: folate content of injera
with minimum value measured in a sample of teff-based injera (7.4 pg/100 g food folate fresh basis); Sc2: folate content of injera with average value
measured in a sample of teff-based injera (15.1 pug/100 g fresh basis); Sc3: folate content of injera with maximum value measured in a sample of teff-
based injera (31.7 pg/100 g fresh basis); Sc4: folate content of teff-based injera prepared at laboratory scale using one folate-producing bacterium
(31.4 p/100 g fresh basis); Sc5: cobalamin content of teff-based injera prepared at laboratory scale using one cobalamin-producing bacterium (2.5

1g/100 g fresh basis).
! Values are means (SD).

Given that the folate content of injera can be lower, similar, or
higher than that of the raw material (teff), the prevalence of in-
adequacy in the scenario that included the effect of fermentation
could be higher (90%), similar (88%), or lower (67%) for
nonpregnant women than in the original data. Because the
requirement for pregnant women is higher, the prevalence of in-
adequacy only decreased slightly when higher folate contents
were used. Another study conducted in different parts of Ethiopia
showed that the proportion of people with low folate intake is
basically the same as the proportion of people with low serum
folate [3]. Fermentation using folate-producing microorganisms
isolated from different fermented cereal-based foods has been
proven to be effective in increasing their folate content and can
cover all or part of the daily requirements of women and children
[15,25]. The use of such a strategy would be a way to maximize
the folate content of injera by limiting the consumption of folate
by endogenous microorganisms during fermentation.

In our simulation, the high prevalence of inadequacy for
cobalamin was lowered to 54% in pregnant women. Because the
corrinoid detected in large quantities in samples of injera collected
in Ethiopia was inactive for humans, we based our simulation on
data obtained in the laboratory using a cobalamin-producing
bacterium [15]. As discussed by the authors of that study,
different microorganisms involved in injera fermentation, such as
members of the Propionibacterium freudenreichii species, are known
for their cobalamin-producing properties [5]. As only a few
samples were analyzed, it is possible that other samples of injera
contain the active form. A recent study conducted in Ethiopia
showed that despite the fact that 100% of the adult population
had inadequate dietary intakes of vitamin B12, low serum
cobalamin was detected only in 23%-25% of the population [3].
The hypothesis of the role of fermentation in the production of
cobalamin was not raised by the authors. Recent studies demon-
strated the feasibility of meeting the recommended daily intake of
the active form of cobalamin with only 100 g/d of bread fortified
by fermentation [26]. Similarly, injera has been successfully

fortified with the active form of cobalamin, thereby theoretically
enabling full coverage of cobalamin requirements [15].

Certain limitations need to be considered when interpreting the
results of our study. Using a method other than the MSM to estimate
the usual intake distributions of nutrients could have produced
different results, although the MSM has been shown to produce
estimates that are as good as those obtained using other methods
[27]. In addition, having more participants with repeated 24-h
recall would modify the day-to-day variation in nutrient intakes
and, hence, the estimates of usual intake distributions. Similarly,
data on episodically consumed foods would have improved our
estimates of the distribution of habitual intakes. A further limitation
is that the dietary survey was conducted at a single location over a
2-mo period [16], meaning our results cannot be generalized.

In conclusion, our study demonstrated that ignoring the
impact of fermentation during injera preparation may lead to
substantial misestimation of folate and cobalamin adequacy in
the Ethiopian context. More generally, our study illustrates the
importance of investing in analysis of micronutrient contents,
particularly of cobalamin, and in identifying its active forms in
order to avoid major misestimation of the prevalence of inade-
quate nutritional intakes. This microbial biofortification
approach should now be evaluated in intervention trials to es-
timate the feasibility of this promising alternative approach for
overcoming vitamin deficiencies.

Acknowledgment

The harmonized dataset was downloaded from the Global
Dietary Database website and formatted into the FAO/WHO
GIFT data template. The harmonization of the dataset was per-
formed by the data owner (Aynadis Tamene, Center for Food
Science and Nutrition, College of Natural and Computational
Sciences, Addis Ababa University), and the overall process was
overseen by the Global Dietary Database [https://www.
globaldietarydatabase.org/].


https://www.globaldietarydatabase.org/
https://www.globaldietarydatabase.org/

E.O. Verger et al.

Author contributions

The authors’ responsibilities were as follows — EOV, SF, CM,
CH: designed the study; AT, HA: provided folate and cobalamin
content values; EOV, SF: analyzed the data; SF: drafted the fig-
ures and tables; EOV, CH: wrote the manuscript; SF, AT, HA, CM:
critically reviewed; and all authors: read and approved the final
manuscript.

Conflicts of interest
The authors report no conflicts of interest.

Funding
The authors reported no funding received for this study.

Data availability

Data described in the manuscript are available on the FAO/
WHO GIFT online platform (https://www.fao.org/gift-
individual-food-consumption/en). The code book and analytic
code will be made available upon request, pending application
and approval by authors of the current study.

References

[1] G.A. Stevens, T. Beal, M.N.N. Mbuya, H. Luo, L.M. Neufeld, O.Y. Addo, et
al., Micronutrient deficiencies among preschool-aged children and
women of reproductive age worldwide: a pooled analysis of individual-
level data from population-representative surveys, Lancet Glob. Health 10
(2022) e1590-1599, https://doi.org/10.1016/52214-109X(22)00367-9.

[2] L.H. Allen, How common is vitamin B-12 deficiency? Am. J. Clin. Nutr.
89 (2009) 693S-696S.

[3] C.T. Andersen, A.W. Tadesse, S. Bromage, H. Fekadu, E.C. Hemler,

S. Passarelli, et al., Anemia etiology in Ethiopia: assessment of
nutritional, infectious disease, and other risk factors in a population-
based cross-sectional survey of women, men, and children, J. Nutr. 152
(2022) 501-512.

[4] World Health Organization, Vitamin and mineral requirements in
human nutrition. [Internet], 2004 [cited 6 October 4, 2024]. Available
from: https://iris.who.int/handle/10665/42716.

[5] H. Ashagrie, K. Baye, B. Guibert, Y. Seyoum, I. Rochette, C. Humblot,
Cereal-based fermented foods as a source of folate and cobalamin: the
role of endogenous microbiota, Food Res. Int. 174 (2023) 113625.

[6] A.Tamene, S. Kariluoto, K. Baye, C. Humblot, Quantification of folate in
the main steps of traditional processing of tef injera, a cereal based
fermented staple food, J. Cereal Sci. 87 (2019) 225-230.

[7] LT. Liem, K.H. Steinkraus, T.C. Cronk, Production of vitamin B-12 in
tempeh, a fermented soybean food, Appl. Environ. Microbiol. 34 (1977)
773-776.

[8] FAO/INFOODS, FAO/INFOODS Guidelines for Checking Food
Composition Data prior to the publication of a User Table/Database-
Version 1.0, [Internet] (2012) [cited 6 October 4, 2024]. Available
from: https://www.fao.org/4/ap810e/ap810e.pdf.

[9] A. Vincent, F. Grande, E. Compaoré, G.A. Annor, P.S. Addy,

L.C. Aburime, et al., FAO/INFOODS Food Composition Table for
Western Africa (2019), User guide & condensed food composition table,
Rome. [Internet] (2020) [cited 6 October 4, 2024]. Available from:
https://www.fao.org/infoods/infoods/tables-et-bases-de-donnees/
basesde-donnees-faoinfoods-sur-la-composition-des-aliments/fr/.

[10] FAO, FAO/INFOODS Food Composition Database for Biodiversity
Version 3.0 — BioFoodComp3.0, Rome. [Internet] (2016) [cited 6
October 4, 2024]. Available from: https://openknowledge.fao.org/
server/api/core/bitstreams/16b766de-516a-4b5b-b08c-
b1161eb6bbf4/content.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Current Developments in Nutrition 9 (2025) 104581

FAO, FAO/INFOODS Analytical Food Composition Database Version
1.1 [Internet]. Rome (2016) [Internet]. [cited 6 October 4, 2024].
Available from: https://openknowledge.fao.org/server/api/core/
bitstreams/50a51d91-8b9e-4aae-9641-7368b104e898/content.

D.H. Alpers, Absorption and blood/cellular transport of folate and
cobalamin: pharmacokinetic and physiological considerations,
Biochimie 126 (2016) 52-56.

G.F.M. Ball, Vitamins in foods: analysis, bioavailability, and stability,
[Internet]. Routledge & CRC Press. [cited October 4, 2024]. Available
from: https://www.routledge.com/Vitamins-In-Foods-Analysis-
Bioavailability-and-Stability/Ball/p/book/9781574448047.

K. Baye, J.-P. Guyot, C. Icard-Verniere, C. Mouquet-Rivier, Nutrient intakes
from complementary foods consumed by young children (aged 12-23
months) from North Wollo, northern Ethiopia: the need for agro-ecologically
adapted interventions, Public Health Nutr 16 (2013) 1741-1750.

H. Ashagrie, K. Baye, B. Guibert, I. Rochette, P. Tisseyre, C. Humblot,
The use of propionic and lactic acid bacteria to produce cobalamin and
folate in injera, an Ethiopian cereal-based fermented food, Int. J. Food
Microbiol. 426 (2025) 110909.

T.T. Asayehu, C. Lachat, S.D. Henauw, S.H. Gebreyesus, Dietary
behaviour, food and nutrient intake of women do not change

during pregnancy in Southern Ethiopia, Matern, Child Nutr. 13 (2017)
el12343.

Ethiopian Health and Research Institute, Food Composition Table for
Use in Ethiopia: Report Part IV, Adis Ababa: Health and Nutrition
Research Institute. [Internet] (1998) [cited 6 October 4, 2024].
FAO/Government of Kenya, Kenya food composition tables, [Internet]
(2018) [cited 6 October 4, 2024]. Available from: http://www.fao.org/
3/19120EN/i9120en.pdf.

S. Kariluoto, V. Piironen, Total folate [Internet], in: PR Shewry, JL Ward
(Eds.), HEALTHGRAIN Methods, AACC International Press, 2009,

pp. 59-68 [cited October 4, 2024]. Available from: https://www.
sciencedirect.com/science/article/pii/B9781891127700500108.

J. Haubrock, U. Nothlings, J.-L. Volatier, A. Dekkers, M. Ocké,

U. Harttig, et al., Estimating usual food intake distributions by using the
multiple source method in the EPIC-Potsdam calibration study, J. Nutr.
141 (2011) 914-920.

FAO [Internet], Minimum dietary diversity for women. An

updated guide for measurement: from collection to action, Rome (2021)
176, https://doi.org/10.4060/cb3434en [cited 6 October 4, 2024].
Available from: https://doi.org/10.4060/cb3434en.

L.H. Allen, A.L. Carriquiry, S.P. Murphy, Perspective: proposed
harmonized nutrient reference values for populations, Adv. Nutr. 11
(2020) 469-483.

Institute of Medicine (US), Subcommittee on Interpretation and Uses of
Dietary Reference Intakes, Institute of Medicine (US) Standing
Committee on the Scientific Evaluation of Dietary Reference Intakes,
Using the estimated average requirement for nutrient assessment of
groups [Internet], in: DRI Dietary Reference Intakes: Applications in
Dietary Assessment, National Academies Press (US), 2000 [cited
October 4, 2024]. Available from: https://www.ncbi.nlm.nih.gov/
books/NBK222898/.

G. Berhane, L. McBride, K. Tafere Hirfrfot, S. Tamiru, Patterns in
foodgrain consumption and calorie intake [Internet], in: P Dorosh,

S Rashid (Eds.), Food and agriculture in Ethiopia: Progress and policy
challenges, University of Pennsylvania Press, Philadelphia, 2013,

pp. 190-216 [cited July 26, 2024]. Available from: https://www.
degruyter.com/document/doi/10.9783/9780812208610.190/html.
O.E. Fayemi, G.B. Akanni, S.S. Sobowale, A. Oelofse, E.M. Buys,
Potential for increasing folate contents of traditional African fermented
sorghum gruel (Motoho) using presumptive probiotic lactic acid
bacteria, J. Food Compos. Anal. 115 (2023) 104850.

Y. Wang, C. Xie, M. Pulkkinen, M. Edelmann, B. Chamlagain, R. Coda, et
al., In situ production of vitamin B12 and dextran in soya flour and rice
bran: a tool to improve flavour and texture of B12-fortified bread, LWT
161 (2022) 113407.

O.W. Souverein, A.L. Dekkers, A. Geelen, J. Haubrock, J.H. de Vries,
M.C. Ocké, et al., Comparing four methods to estimate usual intake
distributions, Eur. J. Clin. Nutr. 65 (2011) S92-S101.


https://www.fao.org/gift-individual-food-consumption/en
https://www.fao.org/gift-individual-food-consumption/en
https://doi.org/10.1016/S2214-109X(22)00367-9
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref2
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref2
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref2
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref3
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref3
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref3
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref3
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref3
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref3
https://iris.who.int/handle/10665/42716https://iris.who.int/handle/10665/42716
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref5
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref5
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref5
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref6
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref6
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref6
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref6
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref7
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref7
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref7
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref7
https://www.fao.org/4/ap810e/ap810e.pdf
https://www.fao.org/infoods/infoods/tables-et-bases-de-donnees/basesde-donnees-faoinfoods-sur-la-composition-des-aliments/fr/
https://www.fao.org/infoods/infoods/tables-et-bases-de-donnees/basesde-donnees-faoinfoods-sur-la-composition-des-aliments/fr/
https://openknowledge.fao.org/server/api/core/bitstreams/16b766de-516a-4b5b-b08c-b1161eb6bbf4/content
https://openknowledge.fao.org/server/api/core/bitstreams/16b766de-516a-4b5b-b08c-b1161eb6bbf4/content
https://openknowledge.fao.org/server/api/core/bitstreams/16b766de-516a-4b5b-b08c-b1161eb6bbf4/content
https://openknowledge.fao.org/server/api/core/bitstreams/50a51d91-8b9e-4aae-9641-7368b104e898/content
https://openknowledge.fao.org/server/api/core/bitstreams/50a51d91-8b9e-4aae-9641-7368b104e898/content
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref12
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref12
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref12
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref12
https://www.routledge.com/Vitamins-In-Foods-Analysis-Bioavailability-and-Stability/Ball/p/book/9781574448047
https://www.routledge.com/Vitamins-In-Foods-Analysis-Bioavailability-and-Stability/Ball/p/book/9781574448047
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref14
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref14
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref14
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref14
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref14
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref15
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref15
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref15
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref15
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref16
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref16
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref16
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref16
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref17
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref17
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref17
http://www.fao.org/3/I9120EN/i9120en.pdf
http://www.fao.org/3/I9120EN/i9120en.pdf
https://www.sciencedirect.com/science/article/pii/B9781891127700500108
https://www.sciencedirect.com/science/article/pii/B9781891127700500108
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref20
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref20
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref20
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref20
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref20
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref20
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref20
https://doi.org/10.4060/cb3434en
https://doi.org/10.4060/cb3434en
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref22
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref22
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref22
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref22
https://www.ncbi.nlm.nih.gov/books/NBK222898/
https://www.ncbi.nlm.nih.gov/books/NBK222898/
https://www.degruyter.com/document/doi/10.9783/9780812208610.190/html
https://www.degruyter.com/document/doi/10.9783/9780812208610.190/html
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref25
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref25
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref25
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref25
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref26
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref26
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref26
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref26
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref28
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref28
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref28
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref28
http://refhub.elsevier.com/S2475-2991(25)00041-1/sref28

	Ignoring the Impact of Fermentation Could Result in Substantial Misestimation of Folate and Cobalamin Adequacy: A Simulatio ...
	Introduction
	Methods
	Study population
	Nutritional composition simulation
	Estimation of usual intakes
	Statistical analyses

	Results
	Description of the dietary pattern
	Usual intakes and nutrient adequacy

	Discussion
	flink5
	slink7
	slink8
	slink9
	slink10

	References


