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Join us to learn about emerging science and connect with innovators developing new products, ingredients 

and pathogen detection technologies. Learn more

Scientific Integrity

The Strategic Council for Research Excellence, Integrity and Trust.

Marcia McNutt, France A. Córdova, David B. Allison. PNAS October 12, 2021. 118 (41). doi.org/10.1073/
pnas.2116647118. Article link

Significance: The new Strategic Council (SC) seeks to optimize the excellence and trustworthiness of research 
for the benefit of society, and is charged with advancing the overall health, quality and effectiveness of the 
research enterprise across all domains that fund, execute, disseminate and apply scientific work in the public 
interest.

We announce the creation of a new body within the National Academies of Sciences, Engineering, and Medicine called 
the Strategic Council for Research Excellence, Integrity, and Trust, charged with advancing the overall health, quality, 
and effectiveness of the research enterprise across all domains that fund, execute, disseminate, and apply scientific 
work in the public interest. By promoting the alignment of incentives and policies, adoption of standard tools, and 
implementation of proven methods, the Strategic Council seeks to optimize the excellence and trustworthiness of 
research for the benefit of society.
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Risk Assessment

Exploring the Utility of the Threshold of Toxicological Concern (TTC) as a Screening Approach for 
Complex Substances. 

R Zaleski, M Embry, R McKee, L K Teuschler. Regul Toxicol Pharmacol. 2021 Oct 3;127:105051. doi: 10.1016/j.
yrtph.2021.105051. Article link

Significance: A broader application of TTC in food safety encompassing mixtures of chemicals shows that it is 
useful and protective as a screening tool.

The Threshold of Toxicological Concern (TTC) has been applied to assess chemical safety for use, particularly in 
the food safety area. Although the TTC was developed for application to an individual chemical structure, more 
recently this concept has been suggested for the assessment of combined exposures to multiple chemicals. This 
study evaluated the potential for applying the TTC to a specific type of co-exposure, that of a complex substance 
of variable composition which contains multiple constituents, following the World Health Organization/
International Programme on Chemical Safety framework for risk assessment of combined exposure to multiple 
chemicals. The results indicated that the TTC threshold was lower (i.e., more conservative) than regulatory 
thresholds derived for the same substance or even its most toxic constituent, providing assurance that the TTC 
could meet the requirements for a conservative screening process. This case study indicates that the TTC concept 
can be a useful tool to screen for potential risks from complex substances, with the consideration of additional 
aspects such as variability in chemical constituents and their relative proportions within the substance.

Foodborne Pathogens

Direct Detection of Foodborne Pathogens via a Proximal DNA Probe-Based CRISPR-Cas12 Assay

Ting Zhang, Hai-Tao Li, Xuhan Xia, Jun Liu, Yunhao Lu, Mohammad Rizwan Khan, Sha Deng, et. al. J Agric Food 
Chem. 2021 Oct. 25;69(43):12828-12836, DOI: 10.1021/acs.jafc.1c04663. Article link

Significance: A new assay reduced the processing time, complexity and costs in the analysis of foodborne 
pathogens.

Foodborne pathogens can cause illnesses. Existing tools for detecting foodborne pathogens are typically time-consuming 
or require complex protocols. Here, we report an assay to directly analyze pathogenic genes based on CRISPR-Cas12. This 
new test, termed proximal DNA probe-based CRISPR-Cas12 (PPCas12), facilitates the detection of foodborne pathogens 
without amplification steps. The elimination of the nucleic acid amplification process dramatically reduced the processing 
time, complexity, and costs in the analysis of foodborne pathogens. The substitution of the frequently used dually labeled 
DNA reporter with a proximal DNA probe in the PPCas12 assay led to a 4-fold sensitivity enhancement. PPCas12 offered a 
limit of detection of 619 colony-forming units in the detection of Salmonella enterica (S. enterica) without the nucleic acid 
amplification process. The specific recognition of genes via PPCas12 allowed distinguishing S. enterica from other foodborne 
pathogens. The PPCas12 assay was applied in the screening of S. enterica contamination on fresh eggs with high precision. 
Hence, the new PPCas12 assay will be a valuable tool for on-site monitoring of foodborne pathogens.

Foodborne Illness

Novel Outbreak-Associated Food Vehicles, United States.

Hilary K Whitham, Preethi Sundararaman, Daniel Dewey-Mattia, Karunya Manikonda, Katherine E Marshall, 
Patricia M Griffin, Brigette L Gleason, et. al. Emerg Infect Dis. 2021 Oct;27(10):2554-2559. doi: 10.3201/
eid2710.204080. Article link

Significance: Compared to food vehicles implicated in past outbreaks, novel food vehicles were more likely to 
involve illnesses in multiple states and food recalls and were larger in terms of cases, hospitalizations and deaths.

Novel outbreak-associated food vehicles (i.e., foods not implicated in past outbreaks) can emerge as a result of evolving 
pathogens and changing consumption trends. To identify these foods, we examined data from the Centers for Disease 
Control and Prevention Foodborne Disease Outbreak Surveillance System and found 14,216 reported outbreaks with 
information on implicated foods. We compared foods implicated in outbreaks during 2007-2016 with those implicated in 
outbreaks during 1973-2006. We identified 28 novel food vehicles, of which the most common types were fish, nuts, fruits, 
and vegetables; one third were imported. Compared with other outbreaks, those associated with novel food vehicles were 
more likely to involve illnesses in multiple states and food recalls and were larger in terms of cases, hospitalizations, and 

https://www.sciencedirect.com/science/article/pii/S0273230021001926?via%3Dihub
https://pubs.acs.org/doi/abs/10.1021/acs.jafc.1c04663
https://wwwnc.cdc.gov/eid/article/27/10/20-4080_article
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deaths. Two thirds of novel foods did not require cooking after purchase. Prevention efforts targeting novel foods cannot 
rely solely on consumer education but require industry preventive measures..

Mycotoxins

Mimotope-Based Immunoassays for the Rapid Analysis of Mycotoxin: A Review.

Dan-Tong Huang, Hui-Jun Fu, Jia-Jia Huang, Lin Luo, Hong-Tao Lei, Yu-Dong Shen, Zi-Jian Chen, et. al. J 
Agric Food Chem. 2021 Oct 13;69(40):11743-11752. doi: 10.1021/acs.jafc.1c04169. 
Article link

Significance: This review summarizes the production and functionalization of 
two main kinds of mimotopes — mimic peptides and anti-idiotypic antibodies 
(Ab2) — and their applications showed promise in rapid analysis of mycotoxins.

Mycotoxins are toxic contaminants in foods and feeds that are naturally occurring 
and largely unavoidable. Determining their contents in these products is essential 
to protect humans from harm. Immunoassays of mycotoxins have been well-
established because they are fast, sensitive, simple and cost-effective. However, 
a major limitation of immunoassays is the requirement of toxic mycotoxins as 
competing antigens, standards or competing tracers. Mimotopes are peptides or proteins that can specifically bind 
to antibodies and compete with analytes for binding sites by mimicking antigenic epitopes. They can be employed 
as substitutes for competing antigens, standards, or competing tracers to avoid use of mycotoxins. This review 
summarizes the production and functionalization of the two main kinds of mimotopes, mimic peptides and anti-
idiotypic antibodies (Ab2), and their applications in rapid analysis of mycotoxins. 

Food Packaging

Trends and Challenges of Biopolymer-based Nanocomposites in Food Packaging.

Taherimehr, Hassan Yousefnia-Pasha, Reza Tabatabaeekoloor, Ehsan Pesaranhajiabbas. Compr Rev Food Sci 
Food Saf. 2021 Oct 5. doi: 10.1111/1541-4337.12832. Article link

Significance: Summarizes recently developed biopolymer-based materials and the trends and challenges of use 
of these materials in food packaging.

The ultimate goal of new food packaging technologies, in addition to maintaining the quality and safety of food for 
the consumer, is to consider environmental concerns and reduce its impacts. In this regard, one of the solutions is to 
use eco-friendly biopolymers instead of conventional petroleum-based polymers. However, the challenges of using 
biopolymers in the food packaging industry should be carefully evaluated, and techniques to eliminate or minimize 
their disadvantages should be investigated. Many studies have been conducted to improve the properties of biopolymer-
based packaging materials to produce a favorable product for the food industry. This article reviews the structure 
of biopolymer-based materials and discusses the trends and challenges of using these materials in food packaging 
technologies with the focus on nanotechnology and based on recent studies.

Chemical Contaminants

Fluorescent Noble Metal Nanoclusters for Contaminants Analysis in Food Matrix.

Cheng, Mai Luo, Ting Wang, Lei Zhang, Jinchao Wei, Yitao Wang, Peng Li. Crit Rev Food Sci Nutr. 2021 Oct 16;1-
19. doi: 10.1080/10408398.2021.1990010. Article link

Significance: This review introduces the synthesis method of noble metal nanoclusters and summarizes its 
potential application in food safety monitoring of pollutants, including pesticides, heavy metal, mycotoxin, food 
additives and other contaminants.

Recently, food safety issues caused by contaminants have aroused great public concern. The development of innovative and 
efficient sensing techniques for contaminants detection in food matrix is in urgent demand. As fluorescent nanomaterials, 
noble metal nanoclusters have attracted much attention because of their ease of synthesis, enhanced catalytic activity 
and biocompatibility, and most importantly, excellent photoluminescence property that provides promising analytical 
applications. This review comprehensively introduced the synthesis method of noble metal nanoclusters and summarized 
the application of metal nanoclusters as fluorescent sensing materials in the detection of pollutants, including pesticides, 

https://pubs.acs.org/doi/10.1021/acs.jafc.1c04169
https://ift.onlinelibrary.wiley.com/doi/10.1111/1541-4337.12832
https://www.tandfonline.com/doi/abs/10.1080/10408398.2021.1990010?journalCode=bfsn20
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heavy metal, mycotoxin, food additives, and other contaminants in food. The detection mechanism of pesticide residues 
mostly relies on the inhibition of natural enzymes. For heavy metals, the detection mechanism is mainly related to the 
interaction between metal ions and nanoclusters or ligands. It is evidenced that metal nanoclusters have great potential 
application in the field of food safety monitoring. Moreover, challenges and future trends of nanoclusters were discussed. 
We hope that this review can provide insights and directions for the application of nanoclusters in contaminants detection.

Heavy Metals

Toxic Metals and Metalloids: Uptake, Transport, Detoxification, Phytoremediation and Crop 
Improvement for Safer Food.

Fang-Jie Zhao, Zhong Tang, Jia-Jun Song, Xin-Yuan Huang, Peng Wang. Mol Plant. 2021 Oct 4;S1674-
2052(21)00406-8. doi: 10.1016/j.molp.2021.09.016. Article link

Significance: Metals in agricultural soils pose food risks but new trait loci research paves the way for marker-
assisted breeding of low metal accumulation crops.

Agricultural soils are under threat of toxic metal/metalloid contamination from anthropogenic activities, 
leading to excessive accumulation of arsenic (As), cadmium (Cd), lead (Pb) and mercury (Hg) in food crops that 
poses significant risks to human health. Understanding how these toxic metals and their methylated species 
are taken up, translocated and detoxified is prerequisite to developing strategies to limit their accumulation 
for safer food. Toxic metals are taken up and transported across different cellular compartments and plant 
tissues via transporters for essential or beneficial nutrients, e.g. As by phosphate and silicon transporters, 
and Cd by manganese (Mn), zinc (Zn) and iron (Fe) transporters. These transport processes are subjected to 
interactions with nutrients and regulations at the transcription and post-translation levels. Complexation with 
thiol-rich compounds such as phytochelatins and sequestration in the vacuoles are the common mechanisms for 
detoxification and for limiting their translocation. A number of genes involved in toxic metal uptake, transport 
and detoxification have been identified, offering targets for manipulations via gene editing or transgenic 
technologies. Natural variations in toxic metal accumulation exist within crop germplasm, and some of the 
quantitative trait loci underlying these variations have been cloned, paving the way for marker-assisted breeding 
of low metal accumulation crops. Using plants to extract and remove toxic metals from soil is also possible, but 
this phytoremediation approach requires metal hyperaccumulation for efficiency. Knowledge gaps and future 
research needs are also discussed.

Caffeine

Maternal Caffeine Intake and DNA Methylation in Newborn Cord Blood.
Kristen J Polinski, Alexandra Purdue-Smithe, Sonia L Robinson, Sifang Kathy Zhao, Karen C Schliep, Robert M 
Silver, Weihua Guan, et. al. The American Journal of Clinical Nutrition, Oct. 20. doi.org/10.1093/ajcn/nqab348.  
6. Article link

Significance: Few effects of maternal caffeine exposure on neonate methylation differences in leukocytes were 
identified in this relatively low caffeine consumption population.

Background: Epigenetic mechanisms may underlie associations between maternal caffeine consumption and adverse 
childhood metabolic outcomes. However, limited studies have examined neonate DNA methylation (DNAm) patterns in 
the context of preconception or prenatal exposure to caffeine metabolites. Objective: We examined preconception and 
pregnancy caffeine exposure with DNAm alterations in neonate cord blood (n = 378). Design: In a secondary analysis of 
the Effects of Aspirin in Gestation and Reproduction Trial (EAGeR), we measured maternal caffeine, paraxanthine, and 
theobromine concentrations from stored serum collected preconception (on average 2 months before pregnancy) and at 8 
weeks of gestation. In parallel, self-reported caffeinated beverage intake was captured via administration of questionnaires 
and daily diaries. We profiled DNAm from the cord blood buffy coat of singletons using the MethylationEPIC BeadChip. We 
assessed associations of maternal caffeine exposure and methylation β-values using multivariable robust linear regression. 
A false discovery rate (FDR) correction was applied using the Benjamini-Hochberg method. Results: In preconception the 
majority of women reported consuming one or fewer servings/day on average and caffeine and paraxanthine metabolite 
levels were 88 and 36 µmol/L, respectively. Preconception serum caffeine metabolites were not associated with individual 
CpG sites (FDR > 5%), though pregnancy theobromine was associated with DNAm at cg09460369 near RAB2A (β = 0.028; 
SE = 0.005; FDR P = 0.012). Preconception self-reported caffeinated beverage intake compared to no intake was associated 

https://www.cell.com/molecular-plant/pdf/S1674-2052(21)00406-8.pdf?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1674205221004068%3Fshowall%3Dtrue
https://academic.oup.com/ajcn/advance-article/doi/10.1093/ajcn/nqab348/6406481
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with DNAm at cg09002832 near GLIS3 (β = –0.013; SE = 0.002; FDR P = 0.036). No associations with self-reported 
intake during pregnancy were found. Conclusions: Few effects of maternal caffeine exposure on neonate methylation 
differences in leukocytes were identified in this relatively low caffeine consumption population.

Food Allergens

Potential Biomarkers, Risk Factors and Their Associations with IgE-mediated Food Allergy in 
Early Life: A Narrative Review.

Caroline E Childs, Daniel Munblit, Laurien Ulfman, Carlos Gómez-Gallego, Liisa Lehtoranta, Tobias Recker, 
Seppo Salminen, et. al. Adv Nutr. 2021 Oct 1; doi: 10.1093/advances/nmab122. Article link

Significance: This review details the genetic, epigenetic, dietary and microbiome influences on food allergy 
development and synthesizes the currently available data indicating potential biomarkers.

Food allergy affects the quality of life of millions of people worldwide and presents a significant psychological and financial 
burden for both national and international public health. In the past few decades, the prevalence of allergic disease has 
been on the rise worldwide. Identified risk factors for food allergy include family history, mode of delivery, variations in 
infant feeding practices, prior diagnosis of other atopic diseases such as eczema, and social economic status. Identifying 
reliable biomarkers which predict the risk of developing food allergy in early life would be valuable in both preventing 
morbidity and mortality and by making current interventions available at the earliest opportunity. There is also the 
potential to identify new therapeutic targets. This narrative review provides details on the genetic, epigenetic, dietary 
and microbiome influences upon the development of food allergy and synthesizes the currently available data indicating 
potential biomarkers. While there is a large body of research evidence available within each field of potential risk factors, 
there are very limited number of studies which span multiple methodological fields, for example including immunology, 
microbiome, genetic/epigenetic factors and dietary assessment. We recommend that further collaborative research with 
detailed cohort phenotyping is required to identify biomarkers, and whether these vary between at-risk populations and 
the wider population. The low incidence of oral food challenge confirmed food allergy in the general population, and the 
complexities of designing nutritional intervention studies will provide challenges for researchers to address in generating 
high quality, reliable and reproducible research findings.

https://academic.oup.com/advances/advance-article/doi/10.1093/advances/nmab122/6378875

