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Summary 10 

Aim: The need for mechanical harvesting is increasing whereas there have been little new 11 

investigations into the potential impact of new generation harvesters on fruit quality. It is thus 12 

timely to review what we know about the impact of mechanical harvesting and identify the gaps 13 

in knowledge that need to be addressed. Furthermore, new technologies such as the use of optical 14 

berry sorting may have the potential to negate the impact of mechanical harvesting on fruit 15 

quality.  16 

Key Themes:  17 

 In this review a brief history regarding mechanical harvesters and concerns related to 18 

their use are given.  19 

 Research that evaluated the impact of harvest method on wine quality is discussed with 20 

an additional focus on the consequence of berry intactness and the influence of transport 21 

and temperature. 22 

 An overview of optical berry sorting technology is given as well as the potential impact 23 

on wine quality. 24 
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Impact and Significance:  25 

There is a general perception that mechanically harvested grapes produce wines of lesser quality, 26 

even though there is a lack of evidence supporting such a claim.  Research to date indicates that 27 

the impact of mechanical harvesting on wine composition and style is less than expected.  28 

Although most studies indicate an effect of harvest type on grape and wine composition, the few 29 

that evaluated the wines sensorially found minimal impact due to harvest type. It is difficult to 30 

determine the influence of optical berry sorting due to limited studies investigating this 31 

technology.  In general, studies to date did not find a large impact on wine composition and style. 32 

Only one study investigated the potential synergistic effect of both the use of mechanical 33 

harvesting and optical berry sorting. Results indicated that optical sorting may negate the impact 34 

of mechanical harvesting on grape composition.  35 

Key words: grape composition, mechanization, machine harvest, optical sorting, sensory, wine 36 

composition 37 

Overview 38 

With the ever-increasing cost and shortage of qualified labor and the desire to economize 39 

vineyard operations, mechanizing the harvest process of grapes for wine production has become 40 

increasingly important over the past 50 years.  Domestic labor shortages induced by World War 41 

II led to considerable pressure to develop mechanical harvesters for a number of agricultural 42 

crops
1
.  Labor issues intensified again in the mid-1960’s when the United States cancelled the 43 

Bracero Program, an agreement that had allowed thousands of Mexican workers into the country 44 

each year to supplement agricultural labor needs.  An ideal harvesting mechanism for grapes 45 



 
 

 

 

3 

 

Catalyst Papers in Press  are peer-reviewed, accepted articles that 

have not yet been edited or formatted, but may be cited by DOI. The final version 
may contain substantive or nonsubstantive changes. 

doi: 10.5344/catalyst.2016.16004 

 
 doi: 10.5344/catalyst.2016.16003 

doi: 10.5344/catalyst.2016.16003 

would rapidly and efficiently select fruit within desired parameters while excluding materials 46 

other than grapes (MOG).  Some of the new mechanical harvesters include on-board sorting 47 

systems that eliminate bits of rachis, leaves, and shoots, though these mechanisms are not 48 

capable of excluding berries based on ripeness.  Sorting at the winery is one option for 49 

eliminating undesirable fruit picked by mechanical harvesters.  Sorting mechanically harvested 50 

fruit by hand, however, would be tedious and require tremendous resources since inspection of 51 

individual berries would be necessary to sort the already destemmed fruit.  Optical sorters, on the 52 

other hand, are well suited for rapidly sorting destemmed grapes based on a variety of parameters 53 

including berry size, color, and shape, while also eliminating foreign material. 54 

 55 

Key Themes: 56 

Mechanical Harvesting 57 

Experimentation with mechanically harvesting grapes began in California in 1953 with 58 

cutter bar harvesters that were only effective on vines trained for that purpose.  The cutter bar 59 

design was replaced several years later by shake harvesters that were better suited for 60 

commercial applications
1
. By 1960 designs had been submitted for patent

2
 and mechanical 61 

harvesters were commercially available soon after. 62 

Today, a number of companies manufacture state-of-the-art mechanical harvesters that 63 

adapt to numerous trellising and canopy systems.  Harvesters are classified according to the 64 

mechanism by which the fruit is removed from the vine.  Most harvesters fall in to two main 65 

categories; pivotal strikers or trunk shakers. Some combine both actions and may be called 66 

pivotal pulsators or striker-shakers. Pivotal striker and bow rod picking heads are canopy or 67 
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foliage shakers, whereas trunk shakers shake the trunk as the name implies. The research studies 68 

referenced in this review utilized bow rod mechanical harvesters and will be the focus of all 69 

further discussion. The self-propelled machines straddle vineyard rows, using rapidly pulsating 70 

bowed rods to shake the vines and free berries from the rachis.  Fans blow leaves and other 71 

debris off the berries as they are caught on conveyer belts and transported to on-board holding 72 

tanks or propelled into bins on adjacent tractors or trucks.  One of the greatest benefits of 73 

mechanical harvesting is the relatively low cost of their operation compared to paying laborers to 74 

manually harvest by hand.  Despite the considerable initial investment of over a quarter million 75 

dollars to purchase a new mechanical harvester, their low operating cost and high efficiency 76 

make them economically beneficial for large operations.  Mechanical harvesters are also 77 

available for “rent” (for example a contract based harvest option) which make them accessible to 78 

smaller companies for whom purchasing a machine is cost prohibitive.  Other benefits of 79 

mechanical harvesters are their considerable harvest rate and their ability to operate around the 80 

clock.  A particular advantage is that mechanical harvesters easily cover many vineyard acres at 81 

night when picking conditions are optimal. 82 

Concerns associated with mechanical harvesting include i) physical damage to the fruit 83 

resulting from the rapid shaking required to separate berries from rachis, ii) the inclusion of 84 

undesirable second crop, overripe or moldy clusters, and MOG, iii) the increased risk of 85 

oxidation, enzymatic activity, and the development of microbial populations in the broken and 86 

therefore vulnerable fruit during transport from the vineyard to winery, and iv) the loss of 87 

valuable juice in the vineyard.  The risk and impact of these issues are complex and depend on 88 

many factors including value of the crop, proximity of the vineyard to the winery, and harvest 89 
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conditions.  The availability and cost of field labor is also relevant to the economics of 90 

mechanical harvesting. 91 

The undifferentiating picking apparatus of mechanical harvesters incorporates under and 92 

over-ripe berries into collection vessels, leading to greater tonnage per acre than hand 93 

harvesting.  Conversely, hand picking can be more selective, but results in significantly more 94 

fruit left in the vineyard
3
, an issue that is likely exacerbated by poor visibility during night 95 

picks.  Another reason is that many winemakers request that second crop not be harvested. A 96 

number of factors determine which harvest method is ideal for a particular operation.  For larger 97 

businesses who produce lower priced  wines, the efficiency and cost effectiveness of mechanical 98 

harvesters likely outweigh concerns of picking undesirable fruit (and in many instances 99 

economic realities make this the only viable option), whereas artisanal producers with specific 100 

stylistic goals may be willing to spend more for hand harvesting to ensure consistent fruit 101 

quality.  However, while there is a deep rooted mentality in some wine circles that mechanically 102 

harvested grapes produce wines of lesser quality, there is a lack of evidence supporting such 103 

claims.  One study that evaluated wines made with machine- and hand-harvested Chardonnay 104 

found that subjects had no significant preference between the two for both young wines and 105 

wines aged 18 months
3
. Another investigated grape juice and wines from machine- and hand-106 

harvested Sauvignon blanc grapes and found higher 3-mercaptohexanol (3-MH) and 3-107 

mercaptohexyl acetate (3-MHA) in three of the five juices and wines
4
. If a tropical and fruity 108 

character Sauvignon blanc is desired; high 3-MH and 3MHA concentrations are an important 109 

component
5
. Arfelli et al. (2010) found that musts and wines from machine harvested Montuni 110 

grapes had higher pH’s compared to their hand-picked alternatives
6
. This was presumed to be 111 
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due to higher potassium amounts in the machine harvested musts as a result of higher maceration 112 

of skins. For the same reason, musts from machine harvested grapes had 9% more phenolics. 113 

However, the resulting wines actually contained less phenolics than those made from hand-114 

picked grapes. The researchers postulated that this indicated oxidation as a result of greater 115 

exposure to oxygen during handling. Although sensory analysis indicated significant differences 116 

among the wines due to harvest method (specifically acidity), it was in general found to not be 117 

remarkable
6
. Another study using both red and white varieties (Petite Sirah, French Colombard, 118 

and Chenin blanc) found that subjects had no preference between wines made from grapes 119 

harvested by the two methods
7
.  In a more recent study, the impact of mechanical harvesting 120 

using both standard bow-rod as well as new generation mechanical harvester with a Selectiv’ 121 

Process on-board (sorter removing mostly MOG), was studied using Pinot noir grapes
8
. 122 

Although there were phenolic and aroma compound differences among the different harvest 123 

treatments, there were only small differences in the final wines according to descriptive sensory 124 

analysis. Only two (tropical fruit aroma and hue saturation) out of 18 attributes were 125 

significantly different indicating a very small impact due to harvest method on Pinot noir wine 126 

quality.    127 

The rapid shaking of vines by mechanical harvesters results in the collection of leaves, 128 

petioles, bark, canes, and trellis material in picking bins.  Cultivars that are not well suited for 129 

mechanical harvesting usually contain more MOG than do easily harvested cultivars
9, 10

.  If not 130 

removed, MOG will eventually reach fermentation vessels and may alter wine composition and 131 

impart undesirable sensory characteristics.  A study investigating the influence of stems, petioles, 132 

and leaves on juice and wine composition found that total phenol, flavanoid, and tannin content 133 
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in wine and juice increased as MOG content increased in the harvested grapes
11

.  Another study 134 

investigating the effect of leaf content on wine quality found that white wines made with the 135 

addition of shredded grape leaves were significantly darker than control wines by visual 136 

assessment as well as by spectrometric analysis.  However, the same study found that there was 137 

no significant preference among wines made from hand harvested grapes, from mechanically 138 

harvested grapes, and from grapes to which shredded leaves had been added
7
. 139 

Despite design advances that have led to gentler picking mechanisms, berry damage is 140 

still a major concern with machine-harvested grapes.  The harvest process shakes fruit from the 141 

rachis and individual berries are collected.  This berry detachment often results in ruptured 142 

berries and juice loss
3
.  The extent of berry damage depends on factors such as cultivar, crop 143 

conditions, type of harvester, and temperature at harvest
1, 12

.  The structure of the cluster 144 

framework and the adherence of the grapes to the vine are the main factors that determine how 145 

easily and in what condition fruit is removed
13

. Varieties with firm berries and tough skin are 146 

well suited for mechanical harvesting, while more delicate varieties will experience greater 147 

damage and juice loss.  In practice, Cabernet Sauvignon, Gewurztraminer, Rubired, and 148 

Palomino are readily suited for mechanical harvesting, while Grenache, Zinfandel, Emerald 149 

Riesling, Muscat Canelli, and Burger are poorly suited
12- 14

. However, this observation is based 150 

on studies, many of which occurred 30 years or more ago, with older technology. Many delicate 151 

varieties, including Grenache and Zinfandel are successfully machine harvested today. This 152 

highlights the need for further investigations into the potential impact of mechanical harvesting 153 

on the more popular varieties in the new world wine regions.  154 
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It has been posited that mechanically harvested grapes can have better quality than hand-155 

harvested grapes if the fruit temperature is cool and the fruit is delivered promptly to the 156 

processing facility
14, 15

. However, numerous studies have shown that a considerable time delay 157 

between mechanical harvesting and the delivery of grapes to a winery for processing can lead to 158 

adverse effects including oxidation, increased enzymatic activity, browning, microbial growth, 159 

and the development of off-flavors
7, 9, 13, 16–18

.  Extended skin contact that may occur during 160 

transport following mechanical harvesting can lead to increases in pH, color, total nitrogen, haze-161 

forming proteins, and total phenol, and decreases in total acid and tartaric acid
7, 16–19

.  One study 162 

investigating the effect of delayed processing on wine quality found that increased holding times 163 

of both red and white grapes before winery processing resulted in wines that were judged inferior 164 

to control wines by panelists
16

. 165 

It is well accepted that high fruit temperature of 35°C coupled with extended transport leads to 166 

rapid deterioration of mechanically harvested grapes
1, 13, 20–23

. Grapes harvested and transported 167 

under such conditions produce high levels of alcohol and acetic acid and have poor color
22

.  The 168 

temperature of the grapes at harvest has a greater influence on transport storage temperature than 169 

does external air temperature.  Night picking is therefore a common practice to minimize 170 

spoilage issues during transport.  Furthermore, the addition of sulfur dioxide to machine-171 

harvested grapes has been shown to decrease quality loss during transport
13, 20, 21, 23

 by limiting 172 

the growth of unwanted yeast and bacteria populations and by preventing enzymatic browning 173 

by polyphenol oxidase
24–27

.  Sulfur dioxide additions exceeding 80 ppm delayed alcohol 174 

accumulation and loss of soluble solids for 24 hours in grapes held at 35°C
21, 22

.   175 
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Optical Berry Sorting 176 

The use of optical sorting systems in food processing is not a recent 177 

development.  Optical sorting methods were pioneered in 1965
28

 and the visual inspection and 178 

sorting of fruits, vegetables, nuts, and meat products by machine have been commonplace since 179 

the 1980’s
29

.  Although the optical sorting of grape berries was described over 30 years ago
30

, the 180 

technology at that time could only sort 64 berries/minute, a rate that is unsuitable for commercial 181 

wine production.  Only recently, as technology permitted the rapid inspection of individual 182 

grapes, have optical berry sorters been used in wineries.  Automated sorting by machine can 183 

theoretically inspect every berry and provide a more consistent and efficient process than 184 

traditional hand sorting.  Typically, a conveyor belt or vibration table carries destemmed fruit to 185 

the optical sorter (Figure 1).  The grapes fall onto a receiver and are propelled into the sorter.  As 186 

the grapes cascade freely, high speed cameras record high resolution images of the fruit and 187 

other material.  When the on-board computer detects a product that falls outside specified 188 

parameters, nozzles eject high-pressure blasts of air to divert the material into a reject collection 189 

vessel that removes the unwanted product.  Depending on the size of the unit and settings, optical 190 

berry sorters can process between 3 and 10 tons/hour. 191 

 192 

To establish desired parameters for berry selection, an optical sorter is “trained” by 193 

sending a sample of hand-selected acceptable grapes through the machine as it collects optical 194 

data.  The sorter records the shape, color, and size characteristics of the ideal grapes and then 195 

rejects berries and objects that don’t match such parameters during processing.  Leaves, rachis, 196 

petioles, and other MOG are easily differentiated from grapes by their shape and color.  By using 197 
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size and color parameters, the sorters can also sort berries based on ripeness since grape maturity 198 

can be correlated with berry size
31

 prior to berry shriveling/dehydration and pigment 199 

accumulation
32, 33

. Underripe berries that are inadequate in diameter or hue are removed from the 200 

processing stream.  Likewise, overripe and raisinedgrapes are rejected based on color and 201 

shape.  While an optical sorter can efficiently identify and reject over- and underripe berries, the 202 

removal of individual grapes by hand from whole clusters is a challenging, tedious, and time-203 

consuming exercise. 204 

 205 

Although the use of optical berry sorters has become more common in commercial wine 206 

production, there have been relatively few studies investigating the effects of their use on the 207 

chemical and sensory properties of wine.  In a study using early optical berry sorting technology, 208 

Carroll et al. (1978) sorted Muscadine grapes into four groups using absorbance parameters
30

. 209 

The grapes were processed and chemical analyses showed that Brix level and pH increased with 210 

successive sorting levels, while titratable acidity decreased.  In the resulting wines, pH and 211 

tannin levels increased and titratable acidity decreased with successive sorting levels.  A sensory 212 

panel evaluated the finished wines and found that the wines made from the first and fourth 213 

sorting groups were inferior to those made from the two middle groups, which were deemed to 214 

have optimal ripeness.  Although this study employed outdated technology, it shows that optical 215 

berry sorting can successfully segregate grapes by ripeness and can have chemical and sensory 216 

impacts on resulting must and wine. One such study found that wines made from sorted 217 

Chardonnay grapes had higher total phenols, pH, and residual sugar than the unsorted 218 

control
31

.  Sensory analysis showed that the sorted wine had higher tropical fruit aroma and 219 
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sweetness.  However, the wines did not have significant differences in the remaining sensory 220 

attributes and the authors concluded that the wines were similar in character
34

. A recent study 221 

investigated the synergistic effect of both harvest method (hand and mechanical) and optical 222 

berry sorting on Pinot noir grape and wine composition
8
.  In general, differences in Pinot noir 223 

wine composition that arose from harvest type were diminished or eliminated with the use of 224 

optical sorting.  Descriptive sensory analysis showed that the wines made from optically sorted 225 

grapes had greater tropical fruit aroma and lesser hue saturation.  The latter is potentially due to 226 

more intact berries and the fact that whole berry fermentations were employed.  However, with 227 

only two significant attributes among 18 aroma, taste, and mouthfeel attributes tested, it was 228 

concluded that all treatments led to Pinot noir wines of similar character
8
. 229 

Significance 230 

Only a limited number of studies have investigated the potential impact of mechanical 231 

harvesting and even fewer regarding optical berry sorting on grape and wine composition.  The 232 

general perception is that mechanical harvesting will impact wine quality negatively, whereas 233 

optical berry sorting will have an opposite effect.  The limited number of studies completed 234 

indicated a rather small impact on grape and wine composition due to mechanical harvesting.  To 235 

confirm these results, additional studies investigating the impact of mechanical harvesting on 236 

popular new world varieties are needed. Similarly, two studies found that optical berry sorting 237 

only had a small impact on sensory perception. These initial findings need to be confirmed with 238 

other varieties. Furthermore, the potential impact of sorting grapes according to different 239 

ripeness levels, also warrant further investigation. To summarize, more work needs to be done to 240 
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determine which varieties can safely be harvested using mechanical harvesters and to quantify 241 

the impact of optical berry sorting on wine composition and style.  242 
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Figure 1  Schematic of an optical berry sorter. 324 


