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Metal stable isotopic composition of dental enamel is a novel proxy for reconstructing human dietary structure. Magnesium is the second most prevalent element in teeth only after calcium. Significant isotopic fractionation of Mg isotopes during biological processes implies its great advantages in reconstructing human recipes. To evaluate the potential of the Mg isotopic composition of dental enamel in learning the human dietary structure, elemental and Mg isotopic analyses were performed on the modern human teeth from regions in northern and southern China with various dietary characteristics. Our findings reveal that southern Chinese teeth enamel has higher Mg contents and heavier Mg isotopic compositions (-0.69‰ for SN and -0.66‰ for Hangzhou) than those of their northern counterparts (−1.27‰ for Weinan and −1.33‰ for Puyang). Such discrepancy cannot be attributed to the provenance heterogeneity or individual metabolic processes. Instead, the correlations between cereal-based dietary patterns and the δ26Mg in dental enamel demonstrate that the structure of the staple diet is more responsible for the Mg isotopic signatures. Moreover, heavier Mg isotopic compositions have been observed in dental enamel of individuals with higher rice and lower wheat in the diet, indicating that Mg isotopes are a promising tracer for rebuilding individual or population plant-based dietary structures as well as distinguishing more specific species within C3 plants. These findings suggest that Mg isotopes in teeth enamel have the great potential to better identify the food composition and constrain the diet structure of ancient humans.
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INTRODUCTION
Diet is a fundamental approach to comprehending human culture, including productivity, economic status, and society’s cultural characteristics (Lambert et al., 1984; Ling, 2010). Furthermore, it has been proposed that the evolution of early humans is accompanied by a shift in nutritional structure (Ungar et al., 2006). As a result, reconstructing the ancient human diet could provide key information about human evolution and paleoecology.
Over the past few decades, stable isotopes have been frequently employed to rebuild diet and trophic structures in ancient food webs (Kiple and Ornelas, 2000). Most proxies rely on stable isotope ratios of light elements (e.g., carbon, nitrogen, oxygen, and sulfur) preserved in fossilized teeth and bones (Schoeninger, 2010). These traditional isotope ratio studies, however, have many limitations. For example, although C isotopes can distinguish C3 plants from C4 plants, no additional information is available within C3 (C4) plant groups (Katzenberg and Waters-Rist, 2018). In addition, traditional isotope ratios analysis relies on organic matter fractions (e.g., collagen), which are difficult to be preserved in human tissues older than 10 ka due to the diagenesis, restricting the application of this method to ancient human remains.
The recent development of Multi-Collector Inductively Coupled Plasma Mass Spectrometry (MC-ICP-MS) allows the precise measurement of metal isotope ratios with low concentrations in human organs or tissues, such as Mg isotopes (Teng, 2017). Magnesium is an essential element that plays an irreplaceable role in both plants and animals. It is the center of chlorophyll in plants and vital to photosynthesis (Black et al., 2006). Due to comparable ionic radii and chemical behavior, Mg2+ typically substitutes Ca2+ into the apatite structure in the tissues of animals (bones and teeth). There is about 25 g Mg in an adult human body, which is involved in more than 600 enzymatic reactions and regulates cellular metabolic processes (Elin, 1987; Nadler and Rude, 1995; Vormann, 2003; De Baaij et al., 2015). In addition, Mg isotopes are usually significantly fractionated during plant and animal physiological activities (Black et al., 2008; Bolou-Bi et al., 2010; Teng, 2017; Wang et al., 2020; Wrobel et al., 2020). Recent research on plants manifested that different species of plants have distinguishable Mg isotopic compositions, and the light Mg isotopes are progressively enriched from the roots to the stems (Black et al., 2006; Black et al., 2007; Black et al., 2008; Bolou-Bi et al., 2010; Wang et al., 2020). Studies on terrestrial vertebrates in the same ecosystem demonstrated that the Mg isotopic compositions of animals feeding on C3 plants were lighter than that of animals grazing on C4 plants and that the δ26Mg values of hard tissues became gradually higher as trophic levels increased (Martin et al., 2014; Martin et al., 2015b). Thus, Mg isotopes may have the potential to trace ancient human recipes.
To date, however, few studies have reported the Mg isotopic composition of human tissues. A recent experiment has displayed that teeth enamel is the most reliable material within all the tissues for dietary and physiological reconstruction because of its dense structure (Weber et al., 2021). Nevertheless, the relationship between the Mg isotopic composition of human teeth enamel and individual diet is still unclear, which dramatically hinders the application of the Mg isotopic system for tracing ancient human dietary structures. In this study, elemental and Mg isotopic composition of modern human dental enamel from four Chinese regions with different nutritional characteristics were measured to explore the relationship between the δ26Mg in dental enamel and human dietary structure. This first database of the Mg isotopic compositions in human dental enamel provides novel information on ancient human recipes and evolution: the δ26Mg in dental enamel is mainly controlled by plant-based dietary structure and the various intake proportions of rice and wheat indicate that the Mg isotopic system has the potential to trace specific plant species within the C3 group.
MATERIALS AND METHODS
Geological background and samples
Based on the geographical Qinling-Huaihe Line, China can be divided into northern China and southern China (Figure 1A). Northern China has lower precipitation and wheat and maize are the main food crops; while the wetter southern China produces rice as the main food crop. To cover various typical dietary characteristics, 29 modern human permanent teeth from were selected four regions of China (Figure 1). More specifically, four teeth were collected from Weinan (WN), central Shaanxi, which is located in the middle reaches of the Yellow River, eastern Guanzhong Plain. It belongs to the semi-humid and semi-arid monsoon climate zone, and wheat is the main crop in this area. Two teeth were collected from Puyang (PY), northeast of Henan, which seats in the lower reaches of the Yellow River in the central plains. It has a warm temperate sub-humid continental monsoon climate, while wheat and maize are the main crops here. Eight teeth were selected from southern Shaanxi regions (SN), which is located right below the Qinling-Huaihe line and bears a wet climate and mainly lives on rice. The rest 13 teeth were from Hangzhou (HZ), Zhejiang Province, located on the south side of the Yangtze River Delta in the subtropical monsoon region and mainly produces rice. In short, WN and PY are typical northern China cities, while SN and HZ represent southern cities.
[image: Figure 1]FIGURE 1 | (A) Location of the sampling sites. WN-Weinan, PY-Puyang, SN-Southern Shaanxi regions, HZ-Hangzhou. (B) The morphology of a tooth sample and Back-scattered electron image of a tooth sample section.
Except for one fragment without morphological characteristics (WN1, Table 1), samples include 17 molars, eight premolars, two incisors, and one canine. All the samples were collected at local clinics or hospitals. Detailed information about the samples is provided in Table 1.
TABLE 1 | Magnesium elemental contents and isotopic compositions of modern human teeth enamel from WN (Weinan), PY (Puyang), SN (Southern Shaanxi regions) and HZ (Hangzhou).
[image: Table 1]Analytical methods
The tartar on the teeth surface was removed mechanically by drill firstly and then freeze-dried at -60°C for 7 days. After that, ∼10 mg enamel powder closed to enamel surface of each tooth (Figure 1B) was drilled and dissolved in 1 ml double-distilled 14 N HNO3 on an electric hot plate overnight. After completely dissolved, the sample solution was dried and re-dissolved in 0.5 ml double-distilled 14 N HNO3. Then aliquots of solutions were extracted and diluted for elemental concentration analyses on iCAP PRO ICP-OES at the State Key Laboratory of Continental Dynamics (SKLCD), department of geology, Northwest University, China. Gravitationally prepared standard solutions were used to calibrate the concentration curve of measured elements; multi-element standard solutions were used for monitoring and the uncertainties of measured elements were better than 10%.
Then the solutions containing ∼10–50 μg Mg were dried and dissolved by 12 N distilled HCl to pass through two columns for the purification of Mg. Detailed separation methods have been established in previous studies (Bao et al., 2019). Column #1, filled with 2.0 ml of Bio-Rad AG-50 W-X12 resin (200–400 mesh), was used to separate Mg from Ca. Column #2, filled with 0.5 ml of Bio-Rad AG50 W-X12 resin (200–400 mesh), was designed to separate Mg from all other matrix metals (Al, Na, Fe, etc.). To achieve the complete elution of matrix metals, each sample was passed through both columns twice. At least two standard references (seawater, BCR-2, BHVO-2) were passed through the columns along with samples to test the effect of separation and purification of each batch. The recovery of Mg was as much as 99% in the whole procedure, and the total blank was negligible compared to the mass of Mg in samples. After that, all purified Mg solutions were dried down on the electric hot plate and then re-dissolved in 14 N HNO3 for the following isotopic measurement.
Magnesium isotopic ratios were measured using Nu plasma Ⅱ MC-ICP-MS at the SKLCD. The pure Mg solution was introduced with 2% HNO3 as the acid media and pure argon as the carrier gas through an autosampler, a self-priming nebulizer, and a dual-path quartz fog chamber. During the test, three Mg isotopes (24, 25, 26) were monitored simultaneously in L5, Ax, and H5 Faraday cups under low-resolution mode. The background signal for 24Mg (∼2×10−3 V) was negligible relative to the sample signal (>8 V). The standard-sample bracketing technique (SSB) was used to correct the instrumental mass bias to obtain the Mg isotopic ratios. The analysis results are expressed as the per mil deviation from the isotopic compositions of the DSM3 international standard (Dead Sea Magnesium Ltd., Israel):
[image: image]
where x refers to mass 25 or 26. Uncertainties for δ25Mg and δ26Mg of standards and samples are given as two standard deviations (2SD) based on repeated measurements. During the analytical session, data for seawater (−0.83 ± 0.12‰), BCR-2 (−0.23 ± 0.06‰), and BHVO-2 (−0.30 ± 0.06‰) obtained in this study are all identical within errors to the established values (Huang et al., 2018; Bao et al., 2019; Ma et al., 2019). In addition, the δ26Mg and δ25Mg values of all samples and standards in this study lie on a mass-dependent fractionation line with a slope of 0.519 (Figure 2), which is consistent with the theoretical mass-dependent fractionation law (Young et al., 2002).
[image: Figure 2]FIGURE 2 | Diagram of δ26Mg vs δ25Mg values for human dental enamel. The solid line represents the fractionation line with a slope of 0.519. Error bars indicate the 2SD of the mean value.
RESULTS
The Mg contents of Chinese dental enamel vary by region, ranging from 0.18 to 0.75 wt% (Table 1). Overall, human teeth enamel from southern China has higher Mg contents than those from northern China (Figure 3A). Teeth enamel from WN and PY have almost the same level of Mg content, with a mean value of 0.24 wt%. Teeth enamel from HZ has higher Mg contents (averagely 0.29 wt%). Remarkably, teeth enamel from SN has a mean Mg content of 0.41 wt%, which is the highest value among these four areas.
[image: Figure 3]FIGURE 3 | Magnesium content (A) and δ26Mg values (B) in modern human teeth enamel from different regions. “+” represent the average value. The boxes range between min to max and show the median value.
The δ26Mg values of human dental enamel from different China regions exhibit a large variation, ranging from -1.65‰ to -0.22‰ (Figure 3B). Dental enamel from southern China has overall heavier Mg isotopic compositions than those from northern China. It is worth noting that WN samples are highly depleted in heavy Mg isotopes with an average δ26Mg value of -1.27 ± 0.27‰ (SD). Samples from PY have intermediate δ26Mg values, with an average value of -1.13 ± 0.21‰ (SD). Teeth enamel in southern China has notable heavier mean δ26Mg values: 0.69‰ ± 0.31‰ (SD) for SN samples and -0.66 ± 0.17‰ (SD) for HZ samples, respectively. Overall, the Mg isotopic composition of dental enamel gradually becomes heavier from northern China (WN and PY) to southern China (SN and HZ).
DISCUSSION
Our data show distinct geographical differences in both Mg content and Mg isotopic composition of human dental enamel. Teeth enamel from southern China has overall higher Mg contents and heavier Mg isotopic compositions than those from northern China (Figure 3). Magnesium in the human body firstly involves the uptake of Mg from food and drinking water, which Mg and δ26Mg features are controlled by the local context (including soil and water) through cultivating agricultural products. Furthermore, the partition and fractionation during the growth of these products may influence the Mg and δ26Mg features of the food and drinking water intake. Then, the dietary preference and the digestion and migration of Mg in the human body may also produce the variations of Mg contents and δ26Mg values in enamel among individuals and groups of people. Therefore, these systematic differences in Mg contents and δ26Mg values in human enamel may be generated by provenance heterogeneity, physiological metabolism, dietary structure, and the associated Mg isotope signature inheritance and fractionation, which will be discussed accordingly in the followings.
The provenance effect
The regional context may inevitably affect the Mg isotopic signatures of human tissues by controlling the isotope ratios of soil and regional water. Briefly, drinking water could involve the human body by direct absorption. Soil and soil water characteristics could be transferred to the human body via producers into the food web. Published Mg isotopic compositions of natural waters and soils span a relatively wide range (Tipper et al., 2006; Wimpenny et al., 2014; Fan et al., 2016; Gao et al., 2018; Zhao et al., 2022), and the Mg isotopic signatures are highly controlled by several factors, such as local lithologies, seasonality, and runoff (Tipper et al., 2006; Nitzsche et al., 2019). Furthermore, the plants and animals also show large Mg isotope variability (Black et al., 2008; Bolou-Bi et al., 2012; Martin et al., 2014; Martin et al., 2015b). Some variations in plants and animals are suggested to involve the provenance (Martin et al., 2014), although the direct evidence is lacking. These contexts indicate that it is imperative to evaluate the provenance effect before further interpretation of the Mg isotopic variability in human enamel.
The precise local isotopic signatures of each region are unavailable, which are also meaningless since the exact isotopic compositions of the context may vary among each product and are impractical to be traced. Therefore, δ26Mg data from the Yellow River and loess here are tentatively used to represent the Mg isotopic signatures of the water and soil in northern China, and the limited δ26Mg data for the Yangtze River and southern red soils are also used for the representative of the substrate of southern China (Tipper et al., 2006; Wimpenny et al., 2014; Fan et al., 2016; Gao et al., 2018; Xu et al., 2022). Compiling these data, we found that the mean δ26Mg value of river water in southern China (−1.46‰) is lighter than that of northern China (−1.14‰). Similarly, the mean δ26Mg value of soil in southern China (−0.72‰) is also lighter than that of northern China (−0.47‰). This compilation dataset indicates that the context δ26Mg in southern China is relatively lighter than that of northern China (Figure 4), which cannot account for the relatively heavier δ26Mg values of human enamel in southern China. Therefore, the provenance likely has limited effects on the distinct Mg isotopic compositions in human teeth enamel between southern and northern regions.
[image: Figure 4]FIGURE 4 | Mg isotopic compositions of soils (A) and regional water (B) in northern and southern China. Data are from Fan et al., 2016; Gao et al., 2018; Tipper et al., 2006; Wimpenny et al., 2014; Xu et al., 2022. The horizontal bars are mean values.
The physiology effect
Magnesium is indispensable for maintaining structural and biochemical homeostasis in vertebrate animals, including humans (Ryan, 1991; Brown, 1999). It assists in activating more than 600 enzymes in the body and regulating human cells (Mark and Mediawerks, 2007; Faryadi, 2012). The pervasive participation of Mg in the physiological activities of human beings reflects that the potential migration and re-distribution of Mg inside human tissues and organs may generate Mg isotope fractionations. Thus, it should be considered whether the physiology, gender, age or tooth types have an impact on the δ26Mg values in human enamel.
The Han Chinese, the most widely distributed ethnic group in China, belongs to the typical East Asian ethnic group in terms of their origins and formation, with homogeneous and differentiated physical characteristics (Zhao, 2016). There should be no significant physiological differences between modern Chinese if the effects of the disease are not considered. That means the isotopic fractionation of Mg produced by human metabolism can be considered consistent among individuals. Hence, the differences in population metabolism are unlikely to generate such huge a regional discrepancy in enamel δ26Mg.
Unlike iron isotopes, which behave divergently between males and females (Walczyk and Blanckenburg, 2002; Jaouen and Balter, 2014; Van Heghe et al., 2014), Mg isotopes do not show a direct discrepancy between the sexes due to their existing status and physiological activities involved (Elin, 1987; Nadler and Rude, 1995; Faryadi, 2012; De Baaij et al., 2015). Furthermore, although our teeth samples do not have specific age information due to incomplete sample collection, dental enamel normally developed completely in childhood and did not change once formed and thus records the isotopic composition of adolescence (Grupe, 1998). Therefore, it can be inferred that age could not lead to such a vast distinction in the Mg isotopic composition of enamel.
In addition to metabolism, gender, and age effects, the influence of tooth types on enamel δ26Mg also should be considered. The δ26Mg of different types of teeth (canine, incisor, premolar, and molar) display overlapped variations (Table 1), and the Student’s t test for every two tooth types does not show significant differences (p > 0.05). It thus suggests that the influence of tooth types on the Mg isotopic difference in dental enamel between southern Chinese and northern Chinese is negligible. Overall, the metabolic effect is thought to have limited influence on Mg isotopic variation in human teeth enamel.
The dietary structure effect
Food-intaking is the main way humans derive nutrients, including Mg. Individuals have various dietary habits which contain Mg with large variability. Published studies have shown significant variations of δ26Mg among plants and animals (Black et al., 2008; Bolou-Bi et al., 2012; Martin et al., 2014; Martin et al., 2015b). Moreover, animals feeding on different types of plants or different trophic levels of food display distinct Mg isotopic compositions and variations (Martin et al., 2014; Martin et al., 2015a), reflecting that enamel δ26Mg can be significantly affected by food and dietary structure. Thus, the effect of dietary structure on the systematic Mg isotopic differences in human enamel from southern and northern China, which rely on different dietary habits, should be considered and evaluated.
The Chinese Balanced Dietary Pagoda (2016) gives the Chinese a scientifically daily dietary quantity model that an adult should take ∼1600 ml water, ∼350 g grain, ∼400 g vegetable, ∼300 g fruit, ∼50 g egg, etc. The contributions of Mg from different dietary sources can be estimated based on this criterion and the food Mg content from The China Food Composition (Yang et al., 2019). Drinking water contributes less than 1‰ Mg to the human body, while meat and plant foods account for ∼24% and ∼75.7% respectively. It directly demonstrates that plant foods, including grain and vegetables, are primarily responsible for human Mg sources. Thus, the dietary diversities, especially plant-based nutritional structures may be deemed to result in the regional Mg isotopic differences in human enamel. However, it is impractical to directly calculate the Mg content and Mg isotopic compositions of meals for individuals or regional people. Here we tentatively use the output proportion of local crops to quantitively evaluate the average grain-food consumption of local humans. Assuming the people’s dietary preference is in proportion to the local crops’ yield, that means the southern diet is dominated by rice and the northern diet is wheat (Chen et al., 2018; Li et al., 2020). According to these, the uptake of Mg from food of people from four regions can be estimated. Then given that the enrichment coefficient of Mg in enamel is the same for all the people, the entire enamel Mg content acquired by grain food should proportionally equal to the sum of Mg content that all local crops contain. Furthermore, since wheat and rice are two dominant staple food in the regions studied, the leverage of these two crops on Mg content and Mg isotopic compositions of human teeth enamel can also be evaluated. To make a qualitative comparison of dietary structure, we give some calculations as follows:
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where Mcrop is the total Mg content provided by all local crops, CS is the crop species, Ycrop is the crop yield, Ccrop is the crop unit Mg content, Mwheat is the Mg content provided by local wheat, Ywheat is the wheat yield, Cwheat is the unit Mg content of wheat, Mrice is the Mg mass fraction provided by local rice, Yrice is the rice yield, and Crice is the unit Mg content of rice. More information is in Table 2.
TABLE 2 | The annual yield of major crops in four regions (Unit: ten thousand tons).
[image: Table 2]The calculated Mcrop values are positively correlated to the Mg content in local human enamel (Figure 5). This result convinces that it is plausible to use dietary structure and local crop yield to estimate the uptake of Mg from food for people from different regions. It also qualitatively explains the phenomenon that southerners have higher enamel Mg content and northerners have lower enamel Mg content (Figure 3A). Besides, there is a straightforward linear positive (negative) correlation between δ26Mgenamel and Mwheat/Mcrop (Mrice/Mcrop) (Figure 6). These trends support that staple diet composition likely controls the enamel δ26Mg values differences among regions. From WN to PY to SN to HZ, people become increasingly reliant on rice and less dependent on wheat, corresponding to the sequentially heavier Mg isotopic composition in teeth enamel (Figure 6). Moreover, the opposite tendency of the two crops indicates that wheat provides isotopically lighter Mg while rice has heavier Mg isotopes (Figure 6). Although it is still unclear whether wheat preferentially incorporates lighter Mg isotopes into its seed compared to rice, the limited published data show isotopically lighter wheat seed compared to rice seed (δ26Mg -0.8‰ ∼ -1.83‰ vs -0.67‰) (Black et al., 2008; Bolou-Bi et al., 2009; Bolou-Bi et al., 2010; Bolou-Bi et al., 2012; Martin et al., 2014; Mavromatis et al., 2014; Martin et al., 2015b; Gao et al., 2018; Kimmig et al., 2018; Grigoryan et al., 2020; Wang et al., 2020; Wrobel et al., 2020). However, current research conditions on wheat and rice are not consistent and the specific mechanism is not clear. Hence, it is unavailable to compare δ26Mg values directly. Moreover, the growth conditions of wheat and rice in northern and southern China need to be taken into account. Thus, published data only demonstrate the δ26Mg values indeed differ between rice and wheat, which potentially supports our findings, but more research limitations on rice and wheat are needed. Furthermore, both rice and wheat are typical C3 plants. The difference in the intake proportions of rice and wheat is reflected in the Mg isotopic composition of human enamel (Figure 6), which offers a potentially novel tool to understand human dietary structure ulteriorly. It indicates that the δ26Mg value of human dental enamel is related to a cereal-based food structure. The Mg isotopic system may trace more details and potentially distinguish specific plant species within the C3 plants. Additionally, the enamel δ26Mg of people from all regions display large variations (Figure 3B), which may involve the diversity of dietary structures among individuals and the possible influence of other factors abovementioned.
[image: Figure 5]FIGURE 5 | Relationship between Mcrop and Mgenamel. Regional Mcrop is measured by the local crop yield structure. Detailed calculation is referred to Table 2.
[image: Figure 6]FIGURE 6 | The Mwheat/Mcrop (A) and Mrice/Mcrop (B) in different regions and the δ26Mgenamel in local people (mean with 2SD, refer to Table 2 for detailed calculation method). Error bars indicate the 2SD of the mean value.
To date, it is still unclear about the isotope fractionation from diet to enamel. Limited studies brought up with a biological isotopic fractionation model of Mg in mammals that there is no fractionation between bone and diet, while muscle accumulates heavier Mg isotopes and feces is the 26Mg-depleted reservoir (Martin et al., 2015b). We could not elucidate the physiology of Mg isotope fractionation, but the higher Mg content and higher δ26Mg values in human enamel from southern China are consistent with their rice-dependent dietary characteristic, demonstrating the dietary structure dominates enamel Mg isotopic compositions. Also, the distinct δ26Mg values in human enamel of southerners and northerners relying on different C3 staple crops indicate that Mg isotopic system potentially distinguishes crop species among the C3 group.
Implications for tracing dietary structure
Diet reconstruction is vital for studying the paleoecology and evolution of early hominins (Ungar, 2012). Direct food remains are often absent or under-represented in the depositional record, but stable isotopes in human apatite remain greatly documented the dietary inputs of ancient humans and are well-established dietary tracers (Makarewicz and Sealy, 2015; Katzenberg and Waters-Rist, 2018). The high abundance and biological isotopic fractionation of Mg make the Mg isotopic system promising for exploring human diet information. Bone Mg concentration has proven to be a poor dietary discriminator due to the unpredictable results (Lambert et al., 1979; Francalacci, 1989; Klepingera, 1990), but the Mg isotopic signatures detected in human enamel could provide another dimensional evidence.
In this study, we found a remarkable geographical distribution pattern that dental enamel of southerners has higher Mg content and heavier Mg isotopic composition than those of northerners. The strong correlation between the enamel δ26Mg and diet structure shows that Mg isotopes in enamel are more responsible for human nutritional structure, especially cereal-based dietary structure. Briefly, the northerners who prefer wheat have lower Mg content and lighter Mg isotopic composition in teeth enamel, while the southerner is opposite. Thereinto, the specific dietary structure means the proportion of wheat and rice, which are both C3 plants. The intake ratio of different C3 plants is reflected in the Mg isotopic composition in enamel, indicating that the Mg isotopic system may potentially distinguish specific plant species within the C3 plants. In addition, human hard tissues inherit all dietary sources’ weighted average Mg isotopic ratio characteristics (Martin et al., 2020), the other food intake, such as meat, may potentially be measured according to Mg isotopes.
Since the limited dataset has shown the large variability of δ26Mg in human enamel and the distinct characteristics among groups with different dietary structures, more work can be done to develop Mg isotopes as a promising tracer in diet and relevant areas. The large δ26Mg variability in one region and δ26Mg differences between food and enamel may involve associated intake preference and isotope fractionation, which cannot be addressed by the current study. Feeding experiments on mammals may reveal the physiological processes associated with Mg isotope fractionation, the dominant control among various foods, and other key factors. The Mg isotope signatures of the source of foods also require systematic investigations.
CONCLUSION
In this study, we present the first dataset for Mg isotopic compositions of the human apatite tissues to our knowledge. The linear correlation between the Mg isotopic compositions of human enamel and the intake proportion of cereal crops reveals the Mg isotopic composition in human enamel relative to the plant-based diet structure. The regional δ26Mg diversity in human enamel resulting from diet structure helps make the Mg isotopic system promising for identifying specific species among C3 (C4) plants. It suggests that Mg isotopes in human enamel could serve as a promising new tracer for human dietary structure, especially cereal food structure. Furthermore, the dense structure of enamel, which can resist diagenetic contamination and preserve the dietary records during the period of enamel deposition, provides an approach to exploring the ancient human recipe. Considering that the Mg isotopic signature is a relatively novel tool for reestablishing human diet structure and only a small sample dataset is analyzed, the application of this work still needs to be explored more by subsequent research.
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