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FRUITS 

The bench and the idea

Assembling components

Measuring parameters

Testing on products and Applications

Transfer to Community

Conclusion



9/27/2017
Laser and Fibre Optics Centre, University of 

Cape Coast
6



Light- induced processes on Fruit

96%4%

J.A.Abbott Postharvest Bio and Techn 15 

(1999) p207-225

Quality features respond to wavelength in regions outside the visible spectrum. Thus differences in images taken at specific

wavelengths from the chlorophyll fluorescence help to distinguish among some physiological events in the fruit as it advances in

age. Possible peak wavelengths are 420, 540, 680 ,730 nm

Fluorescence methods for evaluating maturity in fruits is the lose of chlorophyll as they ripen or mature and are sensitive to chilling

injury and stress.

Chlorophyll Fluorescence can detect surface damage on fruits in vivo or extract chlorophyll from the peel in vitro for analysis in

the near infra red region.
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Fluorescence 

emission bands

Excitation source- UV

Emitted bands: 

-440 and 520nm –blue-green 

fluorescence.

-690 and 740nm –Chlorophyll 

fluorescence
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The investigation of vegetation health can 

be done measuring the fluorescence 

signals emitted by leaves under 

UV(355nm) light illumination as in Fig. 1. 

The emission is studied at 440, 520, 690, 

and 740nm. Ratio of F440/F690 or 

F440/F740 and F690/F740 can be used 

as indicators of plant’s health.

Imaging the Fluorescence 

distribution over leaves can give 

information on the effects of 

herbicides, nutrient dificiences, 

water or heat stresses,etc.
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Imaging chlorophyll fluorescence of a 

leaf with different filters 
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LED characteristics
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I-LED, 100mW, 365nm, 4V

LED Characteristics



Layout of the UV LED fibre-

probe fluorometer showing a

photograph of the assembly 

of the device with the fibre 

probe

Circuit diagram for the UV LED driver.
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Fluorescence spectra illustrating (a) the UV LED diode, (b) UV LED beam 

on the white paper target and (c) white paper using the long-pass filter as a 

means of explaining the measurement procedure of the system and 

suppressing the fluorescence from the LED source. There is no 

fluorescence from the fibre probe.
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Quality 
Assessment.

• Factors: Period from harvest to consumer , that is

a) harvest- ripening and maturity

b) handling –chemical or quarantine treatment and storage

c)  post-harvest- physiological stages and technological handling

Distinct differences between the spectral signatures of individual

fruits are according to different stages of chlorophyll degradation

as evident on the different sides of the same fruit..

Chlorophyll Fluorescence Intensity decrease was due to loss in

chlorophyll content or photosynthetic activity leading to reduced

PSII activity.The fluorescence at 690nm filter is due to PSII and

the fluorescence at 730nm is due to PSI.

Using a severe chilling process made the fruit loose a large

amount of water causing a rapid fluorescence decrease response.



a

b

Fluorescence spectra of lemon skin 

showing

(a) greenish-yellow skin lemon and 

(b) yellow skin lemon.

Fluorescence spectra of mandarin skin 

showing (a) greenish-orange, 

(b) yellowish-orange and 

(c) orange skin mandarin.
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Imaging with He-Ne Laser and UV-LED 

on fruits
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The Developed Chlorophyll Fluorescence 

Imaging Device With UltraViolet LED

Main Features:

1. Matlab and Labview software for image acquisition and 

processing.

2. LED at 360nm and 100mW power.

3. Image capture: 1 frame in 40ms. Images recorded were 

synchronized with delay signal and fluorescence signal to 

augment sensitivity.

4. Measured Parameters: Fluorescence emission bands or 

spectra.

5. Detection : CCD Camera or Ocean Optics spectrometer 

(USB4000)

6. Power Supply: Battery or mains.



LED 2

AC adaptor

Functional delay 

Generator 

CCD camera

Junction 

Box

Scope

LED 1

Object

Lens 2

Lens 1

FLUORESCENCE IMAGING WITH  UV LED 
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Camera Triggering

National instruments PCI IMAQ 1405. Resolution 640x480, 8bit

The shutter is started by the rising edge of the the trigger A pulse, and V. SYNC is reset by the 

falling edge of the trigger A pulse. ( After reset, the first field  is delivered)

A shutter time is controlled by the duration when the trigger pulse is high.
One frame in 40ms synchronized with delay signal and fluorescence signal to augment sensitivity.9/27/2017 20
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Lemon F 

fresh from 

super 

market 

Lemon C taken 

from super 

market after 10 

days on shelf. 
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The Delay Pulse Generator Showing 

Triggering Pulse on the CROThe Rotatable Table   

G-Clamped on a Lab Jack

The blue spike on the CRO is the trigger to the

PC card from the Delay Generator. The yellow

pulse of 120.2 ms width is the camera trigger. The

pulse width is 20µs.
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A1 B1

C1 D1

Fluorescence imaging of lemon (first day)
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Processed for chlorophyll fluorescence image of lemon at the third day. 

Black point is the defect 

690nm filter LA1 730nm filter LA1

690/730 filter LA1
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690nm filter LA1 730nm filter LA1

690/730 ratio of LA1 Recorded image 



• Using a MatLab Programme, the number of input nodes were five and each
was connected to the spectra normalized to corrected pixel values.

Day (No of Days in dates), Fruit Number (Samples A-F or 1-10),
Fruit position (sides 1-6), Filter( 690nm or 730nm or 450nm or 550nm ),
Field ( Light or Dark).

• MatLab code using Matrix techniques was used for the calculations.

• All the pixels within a selected region were integrated to give an average
value for a given time.

These average values were then used to plot characteristic fluorescence
intensity as a function of time for each side of the fruit..

Average value for 

fluorescence intensity 

calculated over all 

pixels in Region Of 

Interest (ROI)

Enlarged 

ROI

Fluorescence Filtered 

Image

Fruit

Laser 

Beam 

Algorithm
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• Image Capture - Sample digitized image was chosen containing intensity levels of varying grey levels
ranging from 0 to 255.

• Image Segmentation - Region of interest vary with fruit size and the processing box of interest ranges
from m×n pixel boxes ( e.g. 70×105 to 100 × 220) from the main frame of N×N.

• Image Analysis

If we call x(y) the horizontal pixel coordinates then the ith box will span the coordinates from:

xi to xi+m and yi to yi+n

Calling Ixy the signal observed at pixel (x,y) the total signal is given by:

whereas the local signal observed in each image of the ith box is given by:

The average Image is given by Ii/It .

Data Handling

, 1

N

t xy

x y

I I
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Chlorophyll Fluorescence variation on different points of a lemon at 

fluorescence filter 690 and 730nm in background light at different 

days of ripening. Side 1,2;3,4,and 3-2 are head, tail and side of 

the lemon respectively.
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Chlorophyll Fluorescence variation on different points of a lemon at 

fluorescence filter 690 and 730nm without background light at different 

days of ripening. Sides 1, 2 ;3,4; and 3-2 are head,tail and side of the 

lemon respectively



690 FILTER 730 FILTER

450 FILTER
550 FILTER

LEMON AT DIFFERENT FILTERS AT ROOM TEMP
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Mandarin (Mahci1690L) with Defect at 

6 deg  Celsius

Lemon (LemFD1690L) at  22 deg Celsius Lemon (LemCB2690L) at 22  deg Celsius
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Pixel values of the fluorescence images taken with 690 nm filter
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LEMCD4730L LEMCD4690L
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Lemon  FE (Filter 730 nm) Lemon  FE (Filter 690 nm)
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GENERAL  APPLICATIONS OF PLANTS 

AND FRUITS USING CHLOROPHILL 

IMAGING

9/27/2017 34
Laser and Fibre Optics Centre, University of 

Cape Coast



9/27/2017
Laser and Fibre Optics Centre, University of 

Cape Coast
35



9/27/2017
Laser and Fibre Optics Centre, University of 

Cape Coast
36

Journal of food engineering 

71 (2005) page 85-91
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Conclusions and Recommendations

• Fluorescence methods for evaluating  maturity in fruits is the lose of 
chlorophyll as they ripen or mature and are sensitive to chilling injury and 
stress.

• Chlorophyll Fluorescence can detect surface damage on fruits in vivo or 
extract chlorophyll from the peel in vitro for analysis in the near infra red 
region.

• Shelf-life of fruits can be determined and expiry date predicted

• Presence of toxic detected

harvest- ripening and maturity

handling –chemical or quarantine treatment and storage

post-harvest- physiological stages and technological handling
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