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Abstract

Objective: As a traditional classical preparation for moistening the lungs and relieving cough, the quality
and efficacy of Pear paste are significantly influenced by differences in raw material varieties, leading to
inconsistent chemical compositions and pharmacological effects across products. Pear syrup, as a key raw
material extract for Pear paste production, often provides the fundamental pharmacodynamic components
for compound Pear paste formulations, with its chemical substance basis directly determining the quality of
the final product. However, existing studies lack systematic elucidation of the differences in chemical
substance bases among pear syrups derived from different varieties and their correlations with efficacy.
This study selected four authenticated pear varieties representing China's major pear-producing regions and
commonly used in the market (Hebei snow pear, Korla fragrant pear, Shandong Laiyang pear, and Anhui
Dangshan pear), systematically comparing the differences among these pear syrups in terms of sensory
quality, chemical composition, and antitussive-expectorant effects, thereby providing scientific foundations
for establishing quality evaluation systems, variety optimization, and functional product-oriented
development of pear syrup.

Methods: The aforementioned four representative pear varieties were selected as raw materials, and pear
syrups were prepared according to the Pharmacopoeia of the People's Republic of China (2025 Edition). A
multi-dimensional quality evaluation system integrating "sensory-intelligent-physicochemical" approaches
was constructed by combining traditional sensory evaluation with electronic tongue and electronic nose
intelligent sensory technologies, alongside physicochemical indices including moisture content, total
acidity, and soluble solids. Non-volatile and volatile chemical components were analyzed using
UHPLC-QE-MS and HS-SPME-GC-MS techniques, respectively. HPLC fingerprints were established, and
chemometric methods including Principal Component Analysis (PCA) and Orthogonal Partial Least
Squares Discriminant Analysis (OPLS-DA) were employed to screen variety-specific markers. Antitussive
and expectorant activities were evaluated using ammonia-induced cough and phenol red excretion methods,
while grey correlation analysis was applied to investigate the spectrum-effect relationships.

Results: (1) Korla fragrant pear exhibited juice yield and syrup yield of (80.09 £ 1.86)% and (17.64 £
0.60)%, respectively. Electronic tongue analysis revealed the highest sweetness (13.79) and umami (10.35)
response values with the lowest bitterness (-0.50), presenting a "high-sweetness, low-bitterness" taste
profile and "subtle and elegant" aroma characteristics. Its total triterpene content (27.03 mg/g) was
significantly higher than other varieties. Laiyang pear syrup demonstrated the highest total acidity (0.51%),

soluble solids content (67.2%), and light transmittance (65.8%), but with prominent astringency. Dangshan



pear syrup exhibited the highest total phenolic acid content (47.19 mg/g) and total flavonoid content (2.74
mg/g), with electronic nose indicating significantly higher sulfide sensor response values (9.28) than other
varieties. Hebei snow pear syrup showed the highest fructose content (32.23 g/100 g), but relatively lower
contents of active components such as flavonoids and triterpenes. (2) Across all pear syrups,
UHPLC-QE-MS identified 68 non-volatile compounds, while HS-SPME-GC-MS identified 100 volatile
compounds. Korla fragrant pear syrup displayed characteristics of "high-rutin, high-triterpenes,
high-alcohols"; Laiyang pear syrup showed the highest chlorogenic acid content (0.12 mg/g) with abundant
furan derivatives and terpene alcohols; Dangshan pear syrup exhibited the highest protocatechuic acid and
arbutin contents; Hebei snow pear syrup demonstrated the highest quinic acid content. (3) The established
HPLC fingerprint contained 26 common peaks with similarity greater than 0.92, and 9 differential
chromatographic peaks with VIP values > 1 were screened as variety identification markers. (4)
Pharmacodynamic experiments demonstrated that all four pear syrups possessed significant antitussive and
expectorant activities, but with variety-specific biases: Korla fragrant pear and Dangshan pear showed
optimal antitussive effects with cough inhibition rates of 63.1% each; Laiyang pear exhibited the strongest
expectorant effect with a 31.0% phenol red increase rate and expectorant index of 1.30. Spectrum-effect
correlation analysis revealed that total flavonoids served as the core pharmacodynamic substance
correlating with both antitussive and expectorant activities (grey correlation degree > 0.93), while rutin,
protocatechuic acid, and total triterpenes were important associated substances for antitussive activity, and
chlorogenic acid (phenolic acid class) represented the key contributing component for expectorant activity.
Conclusion: Raw material variety constitutes a crucial factor determining the quality and efficacy of pear
syrup. Korla fragrant pear syrup, characterized by a chemical composition of "high-rutin, high-triterpenes,
high-alcohols," combines optimal antitussive activity, favorable expectorant effects, and excellent taste
profile of "high-sweetness, low-bitterness," making it suitable for development as a high-end balanced
antitussive-expectorant product. Laiyang pear syrup, featuring "high-chlorogenic acid, high-amino acids,"
demonstrates the strongest expectorant activity but with prominent astringency, necessitating flavor
optimization during product development. Dangshan pear syrup, due to its "high-total phenolic acids,
high-total flavonoids" characteristics, shows significant antitussive effects, but contains certain
sulfur-containing compounds requiring attention regarding their potential safety implications. Hebei snow
pear syrup, characterized by "high-fructose, low-active components," presents balanced sensory properties
but relatively weaker pharmacological effects, making it more appropriate as a basic raw material for
flavor-oriented products.

Key words: pear syrup; chemical composition; antitussive and expectorant effects; spectrum-efficacy

relationship
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Table 1-1 The top 6 pear-producing provinces in China in 2024
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