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Figure 1 Locations of two Warring States-period Chu tombs and the chambers where the excavated plant bundles were found. (a) General view of
Tomb M8 at the Chengyangcheng Site in Xinyang City; (b) plant bundles unearthed from the middle-rear chamber of Tomb M8 at the Chengyangcheng
Site in Xinyang City; (c) layout of the wooden outer coffin chamber of Wuwangdun Tomb No. 1 in Huainan City; (d) artifacts unearthed from East

Chamber I of Wuwangdun Tomb No. 1
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Figure 2 Phylogenetic tree of the wrapping leaves from plant bundles unearthed from two Warring States-period tombs and extant Quercus species,
reconstructed based on complete chloroplast genome sequences. Numbers at the nodes indicate bootstrap values (BS); “—” indicates BS < 70%, and
“*” indicates BS = 100%
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Figure 3 Wrapping leaves and contents of the plant bundles from Tomb M8 at the Chengyangcheng Site in Xinyang City, and wrapping leaves of the
plant bundle from Wuwangdun Tomb No. 1 in Huainan City. (a, b) Wrapping leaves of the plant bundle from Tomb M8 at the Chengyangcheng Site in
Xinyang City; (c—f) contents of the plant bundle from Tomb M8 at the Chengyangcheng Site in Xinyang City; (g—i) wrapping leaves of the plant bundle
from Wuwangdun Tomb No. 1 in Huainan City; (j) leaves of Quercus dentata used for making traditional Huye-zong in Lushan County and surrounding

areas of Henan Province, China
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Figure 4 (Color online) Starch grains from the contents of plant bundles unearthed from two Warring States-period tombs. (a—d) Starch grains from
the contents of the plant bundle from Tomb M8 at the Chengyangcheng Site in Xinyang City; (e-h) starch grains from the contents of the plant bundle

from Wuwangdun Tomb No. 1 in Huainan City
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Figure 5 (Color online) Py-GC/MS total ion chromatograms of the
contents of plant bundles unearthed from two Warring States-period
tombs. (a) Contents of the plant bundles from Wuwangdun Tomb No. 1
in Huainan City; (b) contents of the plant bundles from Tomb MS$ at the
Chengyangcheng Site in Xinyang City
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Figure 6 (Color online) The polyphenol contents in different bamboo leaf species. (a) Gallic acid standard curve; (b) polyphenol content in Quercus
dentata leaf extract; (c) polyphenol content in Zizania latifolia leaf extract; (d) polyphenol content in Indocalamus tessellatus leaf extract
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Figure 7 Inhibitory activities of polyphenols from Quercus dentata, Zizania latifolia and Indocalamus tessellatus leaves against foodborne

microorganisms
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Figure 8 Historical evolution of Chinese zongzi
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Plant bundles unearthed from two Warring States-period Chu
tombs: the earliest excavated remains of zongzi and the origins
of the Qu Yuan sacrificial tradition
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Eating zongzi is one of the most representative traditional customs of the Dragon Boat Festival in China. According to
popular tradition, this custom has long been associated with the commemoration of Qu Yuan. However, the early history of
zongzi as a sacrificial offering and its relationship with Qu Yuan has been reconstructed mainly on the basis of historical
texts, with no previously reported archaeological evidence from excavated remains. This study investigates plant bundles
excavated from two Warring States-period Chu tombs: Tomb M8 at the Chengyangcheng Site in Xinyang City, Henan
Province, and Wuwangdun Tomb No. 1 in Huainan City, Anhui Province. We applied ancient DNA analysis,
morphological observation, starch-grain analysis, and organic residue analysis. Antibacterial assays were also conducted
on three common types of zongzi-wrapping leaves, namely oak leaves (Quercus dentata Thunb.), indocalamus leaves
(Indocalamus tessellatus (Munro) P. C. Keng), and wild rice leaves (Zizania latifolia (Griseb.) Turcz. ex Stapf). The results
indicate that the wrapping leaves from both tombs belonged to Fagaceae, genus Quercus, subgenus Quercus, section
Quercus, and were further inferred to have derived from Quercus dentata Thunb. on the basis of leaf-margin morphology.
In Tomb M8 at the Chengyangcheng Site, the contents were identified as rice (Oryza sativa L.) and broomcorn millet
(Panicum miliaceum L.) with husks, representing the earliest zongzi-like remains discovered to date. Analyses of the plant
bundles from Wuwangdun Tomb No. 1 showed that their contents were dominated by millet remains attributable to foxtail
millet (Setaria italica (L.) P. Beauv.) or broomcorn millet (Panicum miliaceum L.), accompanied by animal-derived
components. This composition is highly consistent with that of modern Huye zongzi made in Lushan County and nearby
areas of Henan Province. Therefore, the plant bundles from Wuwangdun Tomb No. 1 can be identified as the earliest zongzi
remains discovered to date. The results revealed that oak leaves had a significantly higher polyphenol content (49.81 mg/g)
than indocalamus leaves (2.37 mg/g) and wild rice leaves (3.56 mg/g), and exhibited a broader antibacterial spectrum and
stronger antibacterial activity, indicating their potential to extend the shelf life of food. These findings indicate that oak-
leaf-wrapped grains existed during the Warring States period, suggesting that ancient communities had already used plant
leaves for food processing and storage. By the time of Qu Yuan’s childhood at the latest, zongzi-like remains and zongzi
remains had already appeared in high-status Chu tombs, suggesting that plant-wrapped foods may have formed part of
mortuary ritual practices in high-status burials of Chu society. The legend associating zongzi with the commemoration of
Qu Yuan can be traced back to the Northern and Southern Dynasties, while the custom of eating zongzi during the Dragon
Boat Festival developed into a nationwide tradition during the Tang and Song dynasties. This study identifies the earliest
archaeological evidence of zongzi and zongzi-like plant-wrapped food from Warring States-period Chu tombs, sheds light
on the early development of Chinese zongzi, and provides direct archaeological evidence for understanding the formation
of the Dragon Boat Festival custom of eating zongzi.

Tomb M8 at the Chengyangcheng Site in Xinyang City, Wuwangdun Tomb No. 1 in Huainan City, zongzi, ancient
DNA
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