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Abstract: A maximum maturity index based on critical bruising thresholds was developed for different stone 
fruit cultivars. In general, plums tolerated more physical abuse than yellow flesh peach and nectarine cultivars. 
Impact location on the fruit was an important factor in the determination of critical bruising thresholds. Poten
tial sources of bruising damage during fruit packing were located using an accelerometer (IS-100). 

1. Introduction 

In recent years, total production of stone fruits has 
increased rapidly, but fruit consumption has remained 
~teady at approximately 0.91, 2.04 and 1.13 (kg/per 
capita/per year) for nectarines, peaches and plums, 
respectively. Surveys indicate that consumer complaints 
primarily focus on a lack of eating quality and that they 
i:lre willing to pay for higher quality. Consequently, 
there is a demand for high quality fresh stone fruits 
(Bruhn et al., 1991). Fruit harvested immature will be of 
inferior quality and incapable of ripening to their highe
st potential eating quality. Fruit harvested too mature 
wlll have high quality initially, but will be incapable of 
withstanding the rigors of postharvest handling and 
distribution (Mitchell and Kader, 1989; Crisosto et al., 
1995; Crisosto et al., 1997). During the past 10 years, 
increased emphasis has been placed on developing new 
peach, plum, and nectarine cultivars with darker skin 
colour. Unfortunately, early red or dark colour develop
ment masks the ground colour, making it impossible to 
determine optimum fruit maturity. 

In the present study we developed maximum matu
rity indices for stone fruit cultivars using bruising 
su~ccptibility measurements based on fruit firmness at 
the weakest point on the fruit. These critical bruising 
thresholds were calculated for different levels of fruit 
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firmness and expressed as G's (acceleration). These 
thresholds predict how much physical abuse fruit will 
tolerate at different firmness levels during packinghou
se operations. The use of these thresholds will make it 
possible to decide how late fruit can be picked without 
inducing bruising; thereby maximizing the quality 
potential of fruit from different orchards. 

2. Materials and Methods 

During two seasons, an evaluation of impact brui
sing susceptibility of several plum, yellow flesh peach 
and nectarine cultivars was carried out at the F. Gordon 
Mitchell Postharvest Laboratory (University of 
California, Kearney Agricultural Center). 

Bruising potential survey 
A survey of the bruising potential (G levels) for dif

ferent packingline operations was conducted using an 
accelerometer (IS-100) (TECHMARK, E. Lansing, 
MI, USA) device according to Brown's recommenda
tion (Brown et al., 1990; Schulte et al., 1994). Each 
transfer point within each packingline was repeated 10 
times. 

Fruit bruising susceptibility 
Bruising susceptibility was determined by subjec

ting fruit with different firmness to three bruising 
energy levels (G). Impact bruising potential was crea
ted by dropping fruit from different heights onto a sur-
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face of known characteristics. The impact bruising 
energy was measured with an IS-1 00 device (Brown et 
a!., 1990; Schulte et al. , 1994; Crisosto and Slaughter, 
1997). The three impact bruising levels were selected 
ba:::ed on our previous packinghouse bruising potential 
survey (Crisosto and Slaughter, 1997). An automatic 
ra11ch pack situation with a gentle basket andhr tote 
dumpers revealed one or more impacts of ~66 G. A 
standard automatic gentle packing operation had at 
least one or more impacts of ~185 G; and a standard 
automatic rough packing operation had one or more 
impacts of -245 G. Bruising susceptibility was expres
sed as bruising size in relation to fruit firmness at a 
given bruising potential level. 

The minimum ftrmness at which a given cultivar did 
not develop bruising when exposed to three different 
brnising potential levels (66, 185, 245 G) was defined 
as tl1e c1itical bruising threshold. These critical bruising 
thresholds were calculated for each cultivar by using a 
99% confidence limit from the relationship between 
brnising versus firmness at a given bruising potential 
level of energy. 

3. Results and Discussion 

B1 Ttising potential survey 
Average bruising potential (G) varied from 24 to 

143 G within/between packinghouses (Table 1). 1n 
general, the bin dumping and transfer points at the 
pPny sizers, and at the end of the packingline (package 
filling), had the highest G values. There was a marked 
difference among the three different bin dumpers eva
loated. A reading of approximately 175 G was detected 
in two bin dumpers and I 07 G in the "improved" bin 
dnmper. During dumping, a high value of 220 G was 
weasured in standard size bins that were only half full 
when dumped. Similar values were measured on fruit 
over the pony sizers. Bruising potentials of 47, 104 and 
1'13 G were measured on three types of volume fillers. 
The highest value corresponded to a hand volume fil
lillg operation. Bruising potentials were lower in the 
tr:1y pack operations surveyed. During dumping with 
a11tomatic tote or basket dumpers, we measured 
<wproximately 60 G. 

Important reductions in these bruising potential 
values were accomplished by adding padding material 
t0 the packingline, minimizing height differences at 
trllnsfer points, synchronizing timing between compo
nents, and reducing the operating speed (Brown et al., 
1990; Crisosto and Slaughter, 1997). 

Entising susceptibility 
Critical bruising thresholds were developed for dif-

11-rent stone fruit cultivars. The minimum fruit firmness 
(r:ritical bruising threshold) able to tolerate impact 
h• uising and the number of fruit bruised at a given 
i•npact intensity (bruising probability) varied among 

Table l -Impacts (G) recorded at transfer points of stone fmit pack in-
glines 

·-
Transfer points Mean Cz) 

s ( y) Range 

(G) (min-maK) 

~ckinghouse A 
Bin dumper 90.7 48.6 24-180 
Bin dumper to pony sizer 110.4 12.1 105-131 
Pony sizer 70.6 13.3 54-84 
To washer/brusher 80.0 16.8 75-98 
To sorting tables 102.0 3 1.6 66-145 
To sizer 88.9 9.5 74-97 
Sizers cups 67.6 5.3 59-72 
Sizer kick out 57 21.3 25-78 
Boxing line 71 10.2 55-82 
Boxing machine 65 19.8 46-94 
Box volume fiii 47 24.1 28-89 
Box tray pack 60.6 18.5 33-78 
Packinghouse B 
Bin dumper 94.3 47.3 38-177 
Elevator to pony sizer 121.8 50.3 72-187 
Pony sizer to washer/brusher 83.4 10.4 71-98 
Brusher to sorting tables 130.9 29.7 58-180 
Sorting to sizers 94.2 13.7 72-117 
Sizer to sizer cups 6!.0 10.3 38-74 
Sizer cups kick out Non detectale 
Drop down to packing belt 94.9 56.9 30- 165 
Box volume fill 103.8 32.8 70- 146 
~houseC 
Bin dumper 82.8 16.5 73-107 
Dumper to elevator 57.9 26.2 25- 114 
Conveyor to washer 68.4 2l.4 43-106 
Washer to waxer 24.5 4.4 19-33 
Washer to sorting tables 25.1 3.5 21-32 
Sorting to sizers 90.6 11.6 72-110 
Sizers to conveyor 71.6 50.8 23-170 
Conveyor to packing tables 97.5 14.7 83-126 
Box tray pack 61.5 31.9 27-117 
Box volume fill 143.0 28.1 111-206 

(z) Means were cal~ulated using the peak impact measured during 
each of the 10 trips of the instrumented sphere across each transfer 
point. 

(y) Indicates standard deviation. 

stone t1uit cultivars. Plums tolerated more physical 
abuse than yellow flesh peach, nectarine and white 
flesh peach cultivars. 

The relationship bruising and firmness varied accor
ding to bruising energy level and cultivar. In general, 
when fruit were exposed to 245 G, Blackamber plum 
cultivar started to show bruises when firmness went 
below 1.3 kg (Fig. 1). 'Summer Bright' nectarines and 
'Elegant Lady' peaches revealed bruises when they 
softened below 4.54 kg (Fig. 1) and 3.63 kg (Fig. 1), 
respectively. 

Impact location on the fruit was an important factor 
in the calculation of these critical bruising thresholds. 
In general, soft fruit was more susceptible to impact 
bruising than hard fruit, except in a few peach cultivars 
in which we found a "safe window" for a high impact 
damage between 2.72 - 4.08 kg. Among the cultivars 
evaluated, soft plums tolerated impact damage much 
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Fig. l - Bruise intensity of (A) 'Summer Bright' nectarines (B) 'Ele
gant Lady' peaches and (C) 'Blackamber' plums at different 
levels of fruit firmness, and impact bruising intensity. 

better than soft nectarines and peaches. 'Blackamber' 
plum showed higher bruising susceptibility than other 
plum cultivars when exposed to approximately 246 G. 

Among the peach cultivars evaluated, 'Fancy Lady' 
and 'Rich Lady' were less tolerant of impact damage 
than the other peach cultivars evaluated when exposed 
to 185 G. Among the nectarine cultivars, 'Spring Bri
ght' and 'August Red' were less tolerant of impact 
damage (185 G) than the other tested cultivars. 

The positiorrof the weakest spot on the fruit varied 
depending on the cultivar. In general, early season cul
tivars softened faster at the tips and late cultivars at the 
shoulders/sutures (Table 2). The tip was the softest 
position for 'Blackamber', 'Rich May', 'Queencrest', 
'Flavorcrest', 'Kern Sun', 'Snow Brite', 'White Lady', 
'Fiavortop', 'Royal Glo', and 'May Glo'. The shoulder 
was the softest position for 'Royal Diamond', 'Fortu
ne', 'Angeleno', 'Diamond Princess', 'Elegant Lady', 
'O'Henry', 'Fancy Lady', 'Summer Lady' , 'August 
Sun', 'September Sun', 'Rich Lady', 'Ryan Sun', 
'Royal Glo', 'Red Diamond', 'Rose Diamond', 'Ruby 
Diamond', 'Spring Bright', 'Summer Fire', 'Summer 
Bright', 'Summer Grand' , 'August Red', and Septem
ber Red'. The suture was also the softest spot for 'Rose 
Diamond'. 

Table 2- Minimum flesh fllllllless (measured at weakest point on the fruit) necessary to avoid commercial bruising at three levels of physical handling 
---- ··---

Cultivar 

- ---·- - -
Plums 
Blackamber 
Fortune 
Royal Diamond 
Angeleno 
£!<aches (;iel!Qw Uesh) 
Queen crest 
Rich May 
Kern Sun 
Flavorcrest 
Rich Lady 
Fancy Lady 
Diamond Princess 
Elegant Lady 
Summer Lady 
O 'Hemy 
August Sun 
Ryan Sun 
September Stm 
Nectarines (;iellow flesh} 
Mayglo 
Rose Diamond 
Royal Glo 
Spring Bright 
Red Diamond 
Ruby Diamond 
Summer Grand 
Flavortop 
Summer Bright 
Summer Fire 
August Red 
September Red 

Pm it firmness measured with an 8 mm tip. 

(1 em) 
-66G 

- --

0 
0 
0 
0 

0 
0 
2 
3 
6 
3 
0 
3 
0 
3 
3 
0 
0 

4 
6 
0 
6 
6 
4 
2 
3 
0 
0 
2 
0 

---- --. ·-·-·- . -·- - . -

Drop height (z) 
- ---
(5 em) 
- 185 G 

0 
0 
0 
0 

4 
0 
6 
5 
10 
7 
0 
5 
0 
5 
4 
0 
4 

8 
7 
9 
10 
7 
9 
5 
6 
6 
0 
12 
0 

(10 em) 
-246G 

- - ----

:. 3 (z) 

0 
0 
0 

9 
9 
9 

6-9 
11 
11 
9 

6-9 
8 

6-9 
9 
10 
9 

ll 
8 
II 
10 
II 
9 
6 
6 
8 
9 
12 
lO 

·---· ·- ------- - ------·-----

Weakest 
position 

------

Tip 
Shoulder 
Shoulder 
Shoulder 

Tip 
Tip 
Tip 
Tip 

Shoulder 
Shoulder 
Shoulder 
Shoulder 
Shoulder 
Shoulder 
Shoulder 
Shoulder 
Shoulder 

Tip 
Suture/Shoulder 

Shoulder/tip 
Shoulder 
Shoulder 
Shoulder 
Shoulder 

Tip 
Shoulder 
Shoulder 
Shoulder 
Shoulder 

f7.l Dropped on 0.32 em PVC belt. Damaged areas with a diameter equal to or greater than 2.5 mm were measured as bruises. 



Table 3 - Cumulative effect of multiple drops on fmit bmising 

Drop height (z) 

(em) 

'September Red' 
Nectarine 

(%) 

0 
5 ~ 

lO 60 
15 80 
1 (5x) (y) 80 
5~ m 
I (!Ox) 90 
5+1 (5x) 60 
10+5 80 
50~ ~ 
I (lOx)+ 5 90 
1 (5x) + 10 100 
1 (5x) + 5 + 5 80 

rnm2 

0 
31.3 
32.3 
79.4 
112.7 
124.7 
195.7 
108.0 
93.1 
98.7 
251.4 
189.4 
152.3 

'Fuji' 

----~_l?ple 
(%) mrn2 

70 83.6 
100 332.8 
100 455.2 
100 559.8 
100 215.2 
100 424.5 
100 527.5 
100 411.8 
100 538.6 
100 548.2 
100 717.5 
100 512.4 
100 624.2 

'Bartlett' 
Pear 

(%) mrn2 

30 17.1 
45 19.2 
50 35.2 

70 32.3 
35 32.6 
40 34.7 
50 37.8 

-- - - .. ----- ------- --- ---~----

(zl Fruit dropped onto a 0.32 ern PVC belt. 
(yl I (5x) means that fruit were dropped 1 em five times on the same spot. 

We also determined that fruit impact bruising dama
ge is cumulative. For example, if a 10 em drop induces 
bruising on a nectarine, then 10 drops of 1 em each on 
the same spot on the fruit will induce equal or greater 
damage (Table 3). The probability of a fruit dropping 
on the same spot 10 times during packing is very low, 
however it may be an important issue during transpor
tation. 

Application of the thresholds allows later picking 
("Tree ripe") without inducing bruising, thereby maxi
mizing potential fruit quality. Under specific condi
tions, the comparison of fruit damage susceptibility (G) 
and packingline G's will help to decide how late fruit 
can be harvested and packed without causing bruising. 
Maximizing fruit quality potential depends on the cul
tivars and/or orchard conditions. Our previous work 
(Crisosto et al., 1995; Crisosto et al., 1997) indicated 
that in most stone fruit cultivars, delaying harvest 
beyond "California well matured" increased fruit size. 
In some cultivars red fruit colour also increased and, in 
a few, there was the perception of an improvement in 
flavour. 
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