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SUMMARY

The flesh color and flesh firmness of clingstone peaches were measured instrumentally by SPI inspectors in 2006 at canning peach inspection stations and compared to the current official inspection methods of the California Department of Food and Agriculture.  Logistically, the new color instruments worked well in 2006 and the SPI inspectors did not get any of the reading errors in 2006 that were experienced in 2005.  The level of agreement (80.5%) between the current visual inspection method for maturity and the new colorimeter method was comparable to that found in 2004 and 2005.  Because the existing color reference disks were used as the target color in 2006 for the colorimeters and not statistically selected as was done in 2004 and 2005, the amount of fruit where the two methods disagreed was not balanced between mature or immature categories.  For example, 11.4% of the fruit graded immature by the inspector would have been graded mature by the colorimeter, while 24.3% of the fruit graded as mature by the inspector would have been graded immature by the colorimeter.  

A UC Davis style penetrometer (also called a fruit pressure tester) was used to determine the firmness value of each peach examined for softness by the inspectors.  Results indicate that a significant portion (38% of 2 lb peaches, 68% of 3 lb peaches, and 88% of 4 lb peaches) of the fruit likely to be damaged in pitting were graded as firm by the SPI inspectors in 2006.  In contrast, 1% or less of the fruit unlikely to be damaged in pitting (those with 6 lbs. or greater firmness) were graded soft by the inspectors.

INTRODUCTION

Assessment of fruit quality is an important tool to both producers and processors in the California Cling peach industry.  Unfortunately, the current methods of assessment for maturity and softness are subjective.  The subjectivity in fruit quality inspection can be eliminated by using instrumented assessment methods that provide a quantitative quality score for each quality attribute.  Flesh color and firmness are two measures of fruit quality that can be measured instrumentally.

The current practice for evaluating peach flesh color, where an inspector visually compares the color of a plastic color standard disk to the color of the peach flesh, was implemented electronically with modern color instruments.  With modern computerized color instruments these color standards can be entered into the memory of the instrument and the instrument can be operated in a “Pass/Fail” mode where the color of a Cling peach sample can be measured instrumentally and automatically compared to a color standard in the memory of the instrument to determine if the sample meets or exceeds the minimum standard.

There are several advantages of an electronic color standard: 

1) Not influenced by fatigue, or intimidation, 

2) Not affected by differences in color sensitivity between operators or by lighting changes associated with sun angle or weather conditions.
The penetrometer (also called a fruit pressure tester) has been used by horticulturalists for many decades as an objective means of measuring the firmness of fruit.  In 2002, we conducted a study comparing the flesh firmness measured by a penetrometer and the damage (if any) to each peach during pitting.  The study determined that about 21.5% of fruit with a flesh firmness of 4 lbs, 34.5% of fruit with a flesh firmness of 3 lbs, and 60% of fruit with a flesh firmness of 2 lbs were damaged in pitting.  

In 2004 and 2005, the flesh color and flesh firmness of Cling peaches were measured instrumentally and compared to the existing official inspection methods of the California Department of Food and Agriculture (CDFA).  In 2004 the study was conducted by two inspectors in an indoor setting, while in 2005 the study was conducted outdoors at 5 inspection stations by SPI inspectors.  The instrumented measures gave good agreement (78% to 83% for maturity and 69% to 78% for softness) with the CDFA inspection method in categorizing fruit into acceptable, immature or soft categories.  The results indicated that the replacement of existing subjective inspection methods with objective instrumental inspection methods showed promise.  The main problem encountered in 2005 was the prevalence of error messages due to ambient light leaks from the brand of colorimeter used in the 2005 study.
OBJECTIVES

The goal of this project was to continue to develop methods needed to implement objective instrumented techniques for assessing flesh color and flesh firmness at California Cling peach inspection stations.  Specifically, this project:

1) Developed an inspection procedure for and evaluated the grading performance of a Konica Minolta CR-10 color difference meter to determine the maturity of fruit in grading using flesh color.

2) Evaluated the sensitivity the colorimeter to ambient light leakage and to location (e.g., near the center or the edge of the cut flesh) of the viewing window on the cut flesh.

3) Evaluated the feasibility of using a color difference meter for use in determining the presence of bruises.

4) Evaluated the operational feasibility of using UC Davis style penetrometers to determine the amount of firm and soft fruit.

EXPERIMENTAL METHODS

Color instruments were setup at a large number of California Cling peach inspection stations during the entire 2006 season in order to collect information on early, mid and late season fruit across a wide range of varieties and geographic regions.  All stations collected measurements using a model CR-10 colorimeter (Konica Minolta).  The firmness portion of the study was conducted at three stations (Lomo station in Yuba City, Hughson station in Modesto, and Aslan station in Kingsburg) the entire season using UC Davis style penetrometers.  Approximately twenty-five loads were selected daily for study.  The official grade (e.g. mature or immature and firm or soft) was recorded before any instrumental measurements were taken.  On any fruit cut for maturity determination using the standard color disk, the flesh hue angle was also determined instrumentally.  For each load, the inspector’s normal CDFA color disk was used as the target color, which was stored in the memory of the CR-10.  The firmness was measured instrumentally on all fruit of suspected softness at the three stations equipped with penetrometers.  The instrumental firmness scores were taken at the center of each cheek on the equator of each fruit after a small section of peel had been removed.  All measurements were conducted by the SPI seasonal inspectors at the inspection table.  

At UC Davis, a study was conducted to determine what effect (if any) the placement of the CR-10 viewing window at three different locations (see figure 2) on the cut flesh of the fruit would have on the color measurement.  A special lighting apparatus was constructed to allow us to simulate the ambient light levels found at an inspection table, figure 1.  For each location on the peach, the CR-10 was targeted with both the room lights and lighting apparatus lights off, so that the peach was dimly lit by light coming from an adjacent room.  Then the external lights were turned on so that the light level on the peach skin was about 8000 Lux and the color measured.  If the external lights had no effect on the difference measurement the value would be zero.  Nonzero values that exceeded the manufacturer's specification for instrument precision would indicate that the external light affected the instrument reading.
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Figure 1.  Lighting apparatus used to simulate ambient light levels at a grading table.
	
Figure 2.  Light leakage measurement locations.


The procedure used to make the light leakage test measurements is listed below.

1. Set up lighting apparatus so that the brightness approximately 5 in. above the peach was approximately 8000 Lux by adjusting the lamp height.  

2. Slice a peach using the standard inspection peach slicer.

3. Place the CR-10 holder, sliced peach and CR-10 on position testing stand.

4. Center CR-10 on the flesh of the peach.

5. Target CR-10 on flesh in nearly dark room.

6. Place testing stand under the center of the lighting apparatus and measure the difference of the peach flesh 4 times, and also measure the Lux level at the top of the peach.

7. Move the CR-10 to halfway between the center and edge and target the peach flesh in nearly dark room.

8. Place stand under the center of the lighting apparatus and measure the difference of the peach flesh 4 times.

9. Move the colorimeter to the edge of the peach and target the peach flesh in nearly dark room.

10. Place peach under the center of the lighting apparatus and measure the difference of the peach flesh 4 times.

11. Repeat Steps 2 through 10 for remaining peaches.

To study the feasibility of using the CR-10 to detect bruises, peaches were dropped from heights of 12, 18 and 24 inches onto a hard tabletop.  Bruises were allowed to develop for 1hr, 2hr, 4hr, 6hr, and 24hr at room temperature before reading.  The color of the bruised peach tissue was compared to the white reference tile, the yellow reference tile and a section of unbruised peach flesh adjacent to the bruised tissue.  The procedure used to make the bruise color measurements is listed below.

Bruise Testing

1. Obtain defect free cling peaches.

2. Number peaches, label big and small cheeks.

Bruising Peaches

1. Obtain ring stand, carbon paper, measuring device at least 24in., and labeled peaches.

2. Set up ring stand above face up carbon paper on hard even counter top/table.

3. Set ring stand to 12in. above carbon paper.

4. Randomly select 20 peaches.

5. Drop a peach on one cheek making sure to catch the peach before it hits twice.

6. Circle the carbon mark on the peach.  

7. Repeat steps 4 and 5 for other side of the peach and label peach 12”.

8. Repeat steps 4, 5, and 6 until all 20 peaches have been dropped.

9. Set ring stand to 18in. above carbon paper.

10. Randomly select 20 peaches and drop peaches as before labeling 18”.

11. Set ring stand to 24in. above carbon paper.

12. Randomly select 20 peaches and drop peaches as before labeling 24”.

13. Set aside 4 peaches from each set, 24in., 18in., and 12in., into 5 different boxes, 1hr, 2hr, 4hr, 6hr, and 24hr, for reading measurements over time.  

Reading Bruises

1. Take a peach, starting with the 1hr box, and slice the bruised sections and a spot in between the bruises.

2. Target the white tile using the CR-10, with cap, by pressing the target button on the face of the CR-10 and measuring the white tile, and then measure the difference between the white tile and each of the bruises and record the value.

3. Remove any juice from the lens with a Kimwipe tissue.

4. Target the yellow BCRA ceramic tile using CR-10 and measure the difference between the yellow BCRA ceramic tile and the bruises and record the value.

5. Target the flesh in between the bruises and then measure the difference between the flesh and each of the bruises and record the value.

6. Repeat readings of peaches for every specific hour until all the peaches are done.

RESULTS & DISCUSSION
Color Measurement

Over 13,000 peaches were evaluated for maturity by SPI inspectors using the CR-10 color difference meter in 2006.  The fruit evaluated for maturity in this study were evaluated using the CDFA standard disk #2.  Figure 3 shows the number of fruit at each degree of hue angle difference from the CDFA color disk #2 and the corresponding percentage of fruit graded mature and immature by the inspectors.  The column labeled 0 degrees in figure 3 represents those fruit determined to be the same color as the color disk by the colorimeter.  Fruit with negative color difference values (those on the left of the 0 degree column) were found to have flesh that was redder than the color disk by the colorimeter. Fruit with positive color difference values (those on the right of the 0 degree column) were found to have flesh that was greener than the color disk by the colorimeter.

The overall agreement between the current visual method of maturity inspection and maturity determination using a colorimeter was 80.5% in 2006.  This is slightly less than the 83% agreement found in 2004 when the study was conducted in an office nearby the grading table, and slightly higher than the 78% agreement found in 2005 when the study was conducted at the grading table by SPI inspectors.  In both 2004 and 2005 the color measurements were done in absolute color mode, which gives the absolute color (hue angle) of the flesh.  This allowed us to determine the optimum hue angle threshold that would minimize the overall error and balance the number of immature fruit mistaken as mature fruit with the number of mature fruit mistaken as immature fruit.  In contrast, the 2006 study was conducted in color difference mode (due to the type of color instrument used) and the color threshold was set to the color of the CDFA color disk (No. 2 in 2006) in use at the grading table.  In 2006, 88.6% of the fruit graded immature by the inspector was found to be immature by the colorimeter.  This also means that 11.4% of the fruit graded immature by the inspector in 2006 would have been graded mature by the colorimeter.  We also found that 75.7% of the fruit graded mature by the inspector was found to be mature by the colorimeter.  This also means that 24.3% of the fruit graded as mature by the inspector in 2006 would have been graded immature by the colorimeter.  Thus, while the overall agreement between the instrumental method and the visual inspection method is similar to that found in 2004 and 2005, the disagreement rate was not balanced between fruit graded mature and immature.
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Figure 3.  Color difference (hue angle) distribution of clingstone peaches classified as immature or mature by SPI inspectors using CDFA Disk 2 in 2006.

Light Leakage Sensitivity

The light leakage test of the CR-10 indicated that the CR-10 is not affected by ambient light levels in the 8,000 to 10,000 Lux range.  Table 1 shows the average color difference readings at each location between readings taken in the dark versus a reading taken when the ambient light level was in the 8,000 to 10,000 Lux range.  Values in each column in Table 1 with the same letter are not statistically significant.  The (h values do not vary significantly by location indicating that the hue measurement is not affected by placement of the CR-10 viewing window. The repeatability value for the CR-10 given in the operator’s manual is (Eab = 0.1.  The (L values, while statistically significant by location, as well as the (h values are all below the 0.1 (Eab specification, indicating that these differences are below the precision of the instrument and are not significant from a practical point of view.  The (C values are not significantly greater than 0.1.  The results from this study indicate that the industry is free to choose the location on the cut face where the maturity measurement should be made without concern about ambient light leakage affecting the hue angle measurement of the flesh.  

Table 1.  Effect of ambient light leakage on CR-10 color readings.

	Location on cut face
	(L
	(C
	(h

	Edge
	0.06a
	0.13a
	-0.01a

	Midway
	0.03b
	0.11b
	-0.01a

	Center
	0.01c
	0.10ab
	-0.02a


Firmness Measurement

Over 3,300 peaches were evaluated for firmness by SPI inspectors using a UC Davis style penetrometer in 2006.  Figure 4 shows the number of fruit at each flesh firmness level as determined by the penetrometer in 2006 and the corresponding percentage of fruit graded firm and soft by the inspectors. 
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Figure 4.  Flesh firmness distribution of clingstone peaches classified as firm or soft by SPI inspectors in 2006.

The results indicate that 38% of fruit with a flesh firmness of 2 lbs, 68% of fruit with a flesh firmness of 3 lbs, and 88% of fruit with a flesh firmness of 4 lbs were graded as firm by the inspectors using the standard method.  In contrast, 1% or fewer of the fruit with a penetrometer firmness of 6 lbs or more were graded as soft by the inspectors.  The 2002 study comparing flesh firmness and pitting damage found that about 21.5% of fruit with a flesh firmness of 4 lbs, 34.5% of fruit with a flesh firmness of 3 lbs, and 60% of fruit with a flesh firmness of 2 lbs were damaged in pitting.  These results indicate that the current method of inspection for soft fruit could be improved by the use of an objective instrumental method or by providing inspectors with a firmness reference standard for use during grading.

Bruise Color Measurement

The peach bruising test results indicated that the change in chroma ((C) was the best predictor of bruised flesh.  The change in intensity ((L value) or the total change in color ((E) were also significant indicators of bruising.  The change in hue ((h value) was not a statistically significant indicator of bruising.  Either the change in chroma ((C) in reference to the standard BCRA yellow ceramic tile, the Konica Minolta white tile (data not shown) or in reference to the unbruised flesh adjacent to the bruise can be used.  The differences in (C with elapsed time since the bruising injury occurred and with the distance that the fruit were dropped are shown in Tables 2 and 3 respectively.  Values in each column in Tables 2 and 3 with the same letter are not statistically significant.  These results indicate the feasibility of using the CR-10 in inspecting clingstone peaches for bruises.
Table 2.  Change in chroma value with time since the fruit was dropped onto a hard surface.

	Time since Dropping (hours)
	(C from Yellow Tile
	(C from unbruised flesh

	1
	-26.8a
	-6.2a

	2
	-27.3ab
	-6.8ab

	4
	-28.3b
	-7.9b

	6
	-28.2b
	-7.2ab

	24
	-30.6c
	-10.2c


Table 3.  Change in chroma value with drop height.

	Drop Height (inches)
	(C from Yellow Tile
	(C from unbruised flesh

	12
	-25.2a
	-4.5a

	18
	-28.4b
	-7.9b

	24
	-31.2c
	-10.7c
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