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This dissertation addresses the urgent challenge of reducing postharvest food losses,
particularly in perishable horticultural products such as bean sprouts and tomatoes. These
crops, characterized by their high moisture content and short shelf-life, are especially prone to
deterioration during distribution and storage. The aim of this study is to develop a non-
destructive and rapid method for evaluating shelf-life by analyzing time-series changes in
fluorescence characteristics, thereby enabling early detection of spoilage and quantification of
water loss.

Chapter 1 introduces the background and motivation for this research. Fruits and vegetables
accounts for more than 40% of total food loss and waste (FLW), especially in tropical and
developing regions. While both preharvest and postharvest losses are significant, postharvest
losses are particularly preventable through improved storage and handling practices. In this
context, shelf-life assessment has emerged as a key strategy for minimizing avoidable waste.
Conventional evaluation methods such as visual inspection and microbial testing have
limitations in terms of subjectivity, destructiveness, and time consumption. Optical methods,
particularly fluorescence spectroscopy, have shown promise for real-time and non-invasive
quality monitoring of fresh produce.

Chapter 2 describes the construction of a fluorescence imaging system using two excitation
wavelengths (308 nm and 365 nm) to capture fluorescence responses from both bean sprouts
and tomatoes. The system includes preprocessing functions such as image masking, color
model conversion, and intensity extraction, enabling the quantification of spatial and spectral
fluorescence features relevant to freshness.

In Chapter 3, the focus is on bean sprouts. During storage, enzymatic browning occurs in the
hypocotyl region, accompanied by changes in appearance, sliminess, and off-odor. Prior to the
manifestation of these sensory signs, a spectral shift in fluorescence is observed: from blue
(400—450 nm) in fresh sprouts to green (450-550 nm) as spoilage progresses, due to oxidation
products. This distinct shift enables early detection of spoilage. Using this phenomenon, an
SVM-based classification model was developed, achieving an accuracy of 84%, outperforming
models based solely on visible images (75%). These results underscore the utility of
fluorescence imaging for early and objective spoilage detection, independent of human
judgment.

Chapter 4 investigates fluorescence characteristics of tomatoes at different maturity stages and
harvest times. Although tomato peel exhibits low-intensity fluorescence, high-power excitation
allows the detection of subtle changes. As storage progresses, the accumulation of flavonoids
and lignin leads to an increase in the B-ratio (blue component) and a decrease in the L-value
(lightness), both of which correlate with ripening. Furthermore, tomatoes harvested at different
times of the year show significant differences in water loss and fluorescence behavior. Those
grown under warmer, drier conditions exhibit lower postharvest weight loss, likely due to
stress-induced physiological adaptations such as enhanced wax deposition and lignification in
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the cuticle and cell walls. These structural changes reduce transpiration and are reflected in
fluorescence signals, providing a biochemical basis for estimating water retention capability.

In Chapter 5, the relationship between initial fluorescence characteristics and subsequent water
loss was modeled using partial least squares regression (PLSR). Variable importance in
projection (VIP) analysis identified key indices related to phenolics and lignin. The PLSR
model achieved a high prediction accuracy (R? = 0.81, RPD = 4.42), indicating that postharvest
weight loss can be reliably estimated from fluorescence images captured at the day of harvest.
This approach offers a proactive solution for quality control, allowing logistic decisions to be
made before spoilage becomes visible.

Chapter 6 integrates findings across both crops and highlights two modes of application:
immediate freshness assessment and longer-term shelf-life prediction. The simplicity and
speed of the system, combined with its adaptability to different crop types and excitation
wavelengths, make it well-suited for use in logistics, packing facilities, and quality control
stations.

Overall, this study establishes a practical framework for shelf-life monitoring based on
fluorescence behavior. It offers two key contributions: (1) early detection of physiological
spoilage using spectral shifts, and (2) prediction of water loss via biochemical markers. These
outcomes support the development of shelf-life as a new grading criterion and offer a flexible,
scalable solution for improving postharvest quality management. By enabling timely
intervention and smarter inventory control, the proposed approach contributes to sustainable
food supply chains and reduced produce waste.
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