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Citrus Step By Step Quality Standard Testing  
 

Manual 
We recognize quality is important so we have developed a simple set of citrus 

quality standards outlined in the following testing Manual. The purpose to develop this 

manual is aim to assist growers, packers, marketers and retailers consistently deliver 

quality citrus that consumers can enjoy with confidence. There are three key factors that 

encourage consumers back to purchase more citrus fruit:  

  >    The level of juiciness 

  >    The level of sweetness  

  >    A good balance between sweetness and acid.  

Following an analysis of consumer research and commercial standards, minimum 

standards for these three factors were unanimously agreed upon by the whole of industry. 

The internal maturity of citrus differs between citrus types and varieties so there are 

different standards for each citrus type and where necessary variety.  The Citrus Quality 

Standards refer to the percentage of juice in a fruit, the amount of sugars (measured in 

degrees Brix) and the sugar to acid ratio. Developing these standards has been about 

maintaining and expanding market share and reinvigorating consumer confidence in citrus 

fruit. We all acknowledge that, in recent years, the competition for the consumers’ dollar 

has intensified by adopting these standards and delivering consistently good tasting fruit to 

the consumer we think we’ll see more dollars in growers’ pockets.  A simple and effective, 

5 step guide to assist, Growers, Packers, Retailers & Marketers and in the quality testing 

process. 
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             Equipment Required  

1.   Good quality scales with 1g graduations, at least 3kg maximum  

2. 1 to 2 litre jug or beaker 

3.    Fine sieve with 1-2mm mesh range 

4. 0.1% sodium hydroxide (NaOH) 

 

Citrus Maturity Test Record Sheet  
 

A copy of this record sheet should be used each time a new citrus maturity test is 

conducted 

 

Date:  QC: 

Sample ID:  

Fruit Weight             g                             

Juice weight             g                         

Acid             %                     

                                                  Pass/Fail 

Juice %   

Brixo   

Brix: acid ratio   

 

 

Comments: 
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5. 1% phenolphthalein indicator 

6.   Fruit juicer (manual or electric ream only  
- no centrifugal, masticating or twin gear juicers)  

7.  100mL conical flask or 100mL beaker  

8.   Refractometer (digital or hand-held  
- must be temperature compensated, with a 0 - 32%)  

9.  50mL burette (auto-fill burette pictured on page 10)  

10.  10mL pipette and pump  

11.  Kitchen knife  

12.  1 litre volumetric flask (not pictured)  

13.   Distilled water and squeeze bottle (not pictured)  

14.   Tissues (not pictured)  
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Citrus Quality Testing Instructions  

You can decide if a batch of citrus is acceptable for eating by following these  

S easy steps:  

Step 1:   Collect the sample which is to be tested from each orchard block      
 

Step 2:     Measure the juice content of the fruit.  

Step 3:     Measure the sugar level (also known as the Brixo) of the juice.  

Step 4:     Measure the acid level of the juice.  

Step 5:    Calculate the sugar-acid ratio by dividing the Brixo by the acid. 

Step 6:    Measuring the Firmness of Citrus Fruits  
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Step 1 > Collect a sample  

You will need at least 10 pieces of fruit, however, the more fruit you test the greater the 

accuracy of your result.   For smaller fruit such as mandarins, 20 pieces of fruit is preferable.                                                             

 
 
 
 
 
 
 
 
 
 
Orchard samples 

 

              Your sample must be typical of what you are planning to pick. For 

example, if you plan to select pick, then collect fruit of the same size and/or 

colour that you will be picking. If you plan to strip pick, then collect an even 

mix of Fruit of all the sizes and colours on the tree – be sure not to only pick the 

fruit that is most coloured! In both cases, you must collect fruit from all sides of 

the trees as well as inside the canopy. You must also collect fruit from at least 

10 trees spread throughout the block. Make sure all the fruit are sound, with no 

rots or rind punctures. You will need separate samples from each block or patch 

if the variety, rootstock, tree age or soil type is different – because all these 

things will affect the taste of the fruit.  

 

Pack-house, Market and Distribution Centre samples 

          The sample must be typical of a whole consignment – do not collect all 

the fruit from just one carton. When checking a pallet, take no more than two 

pieces of fruit from each carton – therefore you will need to collect fruit from at 

least five cartons. Preferably collect one fruit from each of 10 cartons. If you are 

checking a consignment of many pallets, make sure you take fruit from each 

pallet, and from as many cartons as possible. The golden rule is: spread it out as 

much as possible. Make sure all the fruit you select are sound, with no rot or 

rind punctures. 
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Step 2 > Measure the juice content 

 
1. Place a clean tray on the scales and push the Tare or Zero button. 

2. Place your fruit sample on the tray and record the weight, to the nearest gram (g). 

3. Juice all the fruit using the ream juicer, push down evenly to remove all the juice. 

4. Place a clean, dry jug or beaker on the scale and push the Tare or Zero button. 

5. Pour the juice through a 1-2mm mesh sieve into the jug/beaker. 

6. Record the juice weight, to the nearest g. 

7. Divide the juice weight by the fruit weight and multiply this by 100 to get the juice 

Percentage. 

 

Example calculation: 

Fruit weight = 600g 

Juice weight = 288g 

Juice weight ÷ Fruit weight x 100 = percentage (%) juice 

288 grams ÷ 600g x 100 = 48% juice 
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Weigh sample and record Results.  

Tare or zero the Scales when using a tray          
 
 
 

 

 

 

 

Sieve juice through a fine (1-2mm mesh) 

Sieve before weighing 

 

 
 
                                                                               
 

Step 3 > Measure the Brixo  

Use a refractometer to measure Brixo. There are two types:  

>    Hand-held refractometers, which have a prism with a lid for holding the juice sample.  

>    Digital refractometers, which have a well for holding the juice sample.  

 

Calibrating your refractometer  

Always calibrate your refractometer at the start of the day, and then again after every 10 

readings. To calibrate the refractometer:  

1.   Wipe the prism or well with distilled water and dry with a clean tissue.  

2.   Add a couple of drops of distilled or deionized water onto the prism/well.  

3.   Zero the refractometer and then wipe the prism/well dry with a tissue.  

4.   You are now ready to test your juice samples.  
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Using a Hand-Held Refractometer  

1.  First clean and dry the prism using distilled               

           water and a clean tissue.  

2.  Place a couple of drops of the fresh juice  

           onto the prism/well.  

3.   Look through the eyepiece while aiming the                  

           prism towards good light (not the sun).              

4.   Focus the eyepiece and take the reading 

           Where the base of the blue colour sits on   

           The scale.  

5.    Record the Brixo figure and then clean the prism with distilled water and     a clean tissue.  

 

 

 

 

Using a digital refractometer  

1.   First clean and dry the well using distilled  

      water and a clean tissue.  

2.   Place a couple of drops of the fresh juice                                 

       onto the well.                                                                        

3.   Press the Start button and record the Brixo  

       reading.  

4.   Clean the well with distilled water and a           
      Clean tissue. 

Direct the refractometer to a good 

light 

              Digital refractometer. 
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           Temperature correction table for °Brix to standard temperature 20°C 

               

  

 

 

 

 

Step 4 > DETERMINATION OF FRUIT ACIDS BY TITRATION  
 

It is the sugar/acid ratio which contributes towards giving many fruits their characteristic 

flavor and so is an indicator of commercial and organoleptic ripeness. At the beginning of the 

ripening process the sugar/acid ratio is low, because of low sugar content and high fruit acid 

content, this makes the fruit taste sour. During the ripening process the fruit acids are degraded, 
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the sugar content increases and the sugar/acid ratio achieves a higher value. Overripe fruits have 

very low levels of fruit acid and therefore lack characteristic flavour. 

Titration is a chemical process used in ascertaining the amount of constituent substance in a 

sample, e.g. acids, by using a standard counter-active reagent, e.g. an alkali (NaOH). Once the acid 

level in a sample has been determined it can be used to find the ratio of sugar to acid. There are 

two methods specified for the determination of the titratable acidity of fruits: 

 

-Method using a coloured indicator; 

 

-Potentiometric method, using a pH meter, which should be used for very 

coloured juices. 

Material: 

- A laboratory burette of 25 or 50ml capacity or an automatic burette is used. A 10ml 

pipette, beaker (250ml), a filter (muslin cloth or fine filter) and an extractor or homogenizer. 

- A bottle of distilled water. 

- Sodium Hydroxide (NaOH):   The Standard Laboratory solution of 0.1M which is used in 

the actual titration is considered to be dilute, and can readily be purchased in this form. 

- Phenolphthalein:  This is a 1% w/v solution of phenolphthalein in 95% v/v ethanol 

Which is flammable and toxic if ingested. This is only required for the method using a coloured 

indicator. 

- Indicator   stripes to check the exact point of neutrality an indicator stripe should be 

used. Not necessary if pH Meter is used. 

 

Sampling 
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To evaluate the lot selected for inspection, take a sample of at least 10 fruits of each size 

at random from the reduced sample. However, fruits should be free from defects such as sun scorch 

and pest or disease damage, which may have affected the normal ripening process. 

 

 Sample preparation 

Depending upon the type of produce, either cut the fruit in half and squeeze out the juice 

with an extractor or a juice-press e.g. citrus fruits, or homogenize the flesh into a pulp. The juice 

of all squeezed fruits is mixed. The skin and solids should not be included; the solids being filtered 

out through muslin cloth or fine filter extracting as much juice as possible. Use a clean and dry 

safety 10ml pipette. Draw up 10ml of juice and discharge it into a 250ml beaker. Using another 

clean and dry pipette draw up 50ml of distilled water and add to the juice in the beaker. 

Measurement: 

Method using a coloured indicator 

 

Add 3 drops of phenolphthalein to the juice/water solution in each beaker from a dropping 

pipette which is specifically kept for that purpose. Ensure the tap on the burette is shut and using 

a funnel pour the 0.1M solution of NaOH into the burette until it reaches the zero mark. Do not 

spill the solution onto the skin. Slowly titrate the NaOH into the juice/water solution (with a 25ml 

burette or an automatic burette). Care must be taken that the NaOH is dropped directly into the 

solution and does not adhere to the glass, otherwise the reading may be false. While titrating care 

must be taken to continually swirl the solution in the beaker to keep it thoroughly mixed. This is 

essential, particularly when the solution nears neutrality. It is important to determine the point of 

neutrality or the end point of titration very exactly. The phenolphthalein indicator changes very 

rapidly from colourless to pink and the end point can easily be missed, which will give an 

inaccurate reading for the test. It is important therefore that towards the end of the titration the 

NaOH is added a drop at a time. 

Using phenolphthalein as an indicator, the point of neutrality is reached when the indicator changes 

from colourless to pink. The indicator colour must remain stable (persisting for 30 seconds) and 

be light pink when viewed over a white background. However, the shade can vary depending on 

the type of juice being tested. If the point of neutrality is missed, i.e. the colour of the indicator is 

too dark, the test is not acceptable and must be repeated. An indicator stripe should be used to 

avoid the neutral point of pH 8.1. 



 

8 
 

- Read off the amount of the amount of NaOH used (titre) on the burette and record this figure. 

- Re-fill the burette for each subsequent test. 

- Clean the equipment thoroughly and rinse with distilled water. Detergents must not be used.  

 

 

 

 

 

 

  

Auto-fill burette – simply squeeze the                            
Bottle to fill the burette 

                                                                                                                                    

 

Note: When testing very acidic juices e.g. lemons and limes a larger amount of NaOH is 

required. Therefore, when the NaOH reaches the 25ml mark on the scale the burette tube should 

be recharged as described above. When the end point is reached the various readings are added 

together and recorded to produce a figure of NaOH used for each titration. 

Method using a pH meter 

The point of neutrality i.e. the end point of titration may also be determined using a pH 

meter. The precise method used will depend on the manufacturer instructions, but the following 

will provide a general guide. 

 

Checking the pH meter 

 

- Make sure the pH meter has warmed up before use - allow about 30 minutes. 

- Remove the electrode from the distilled water in the storage beaker and dry. 

Adding the 0.1% sodium hydroxide to 

the juice and phenolphthalein 

solution. Note the swirl of pink in the 

sample. 
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- Place the electrode into the beaker containing a buffer solution of pH 7 and calibrate the meter 

to the same figure. 

- Whenever readings are taken, ensure that the electrode is not in contact with the sides or base 

of the beaker. 

- Remove the electrode and - after rinsing in distilled water - place in the solution to be tested; 

the electrode should not have any contact with the glass. 

Measurement 

 

Ensure the tap on the burette is shut and using a funnel pour the 0.1M solution of NaOH 

into the burette until it reaches the zero mark. Do not spill the solution onto the skin. Slowly titrate 

the NaOH into the juice/water solution. Care must be taken that the NaOH is dropped directly into 

the solution and does not adhere to the glass, otherwise the reading may be false. While titrating 

care must be taken to continually swirl the solution in the beaker to keep it thoroughly mixed. This 

is essential, particularly when the solution nears neutrality. It is important to determine the point 

of neutrality or the end point of titration very exactly. The end point can easily be missed, which 

will give an inaccurate reading for the test. It is important therefore that towards the end of the 

titration the NaOH is added a drop at a time. 

Using a pH meter, while titrating the digital readout will be seen to climb from around 4 or 5. 

When the reading reaches 7 proceed carefully. The point of neutrality or the end point of titration 

is reached at pH 8.1. If this figure is exceeded the test is not acceptable and must be repeated. 

 

- When the pH meter reads 8.1 read off the amount of NaOH used on the burette and 

record. 

- Remove the electrode and rinse it in distilled water ready for the next test. Do not allow it 

to become contaminated. 

- Re-fill the burette for each subsequent test. 

- Clean the equipment thoroughly and rinse with distilled water. Detergents must not be 

used. 

 

Note: When testing very acidic juices e.g. lemons and limes a larger amount of NaOH is 

required. Therefore, when the NaOH reaches the 25ml mark on the scale the burette tube should 
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be recharged as described above. When the end point is reached the various readings are added 

together and recorded to produce a figure of NaOH used for each titration. 

  

 

Step 5 > Calculation of the Sugar/Acid Ratio 

The °Brix value of the fruit concerned must also be obtained before calculation of the 

sugar/acid ratio is possible. The calculations for determining the sugar/acid ratios of all produce 

are the same, but as some products contain different acids the appropriate multiplication factor 

must be applied to each calculation. Some products may contain more than one type of acid, it is 

the primary acid that is tested.  A list of these acids and multiplication factors are found below. 

 

Factor for: - citric acid : 0.0064 (Citrus fruit) 

            - malic acid : 0.0067 (Apples) 

            -          tartaric acid : 0.0075 (Grapes) 

 

Using citric acid as an example, 1ml 0.1M NaOH is equivalent to 0.0064g citric acid. 

 

Results expressed as percentage acid: 

Percentage   acid =   Titre x acid factor x 100 

                                                                   10 (ml juice) 

  

 

                                  The sugar acid ratio =          °Brix value    

                                                                               Percentage acid 

                   

                                                OR 

 

 Results expressed as acid in gram/litre: 

                                           g/l   acid      =     Titre x acid factor x 100 x 10     
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                                                                                10 (ml juice) 

      

       The sugar acid ratio =     °Brix value x 10 

         g/l acid 

 

 

 

 

 

E.g.: In case of citric acid the result would be expressed as: 
 

Percentage citric acid Gram/ litre acid 

Percentage Citric Acid =   Titre x 0.0064 x 100 

10ml juice 
 

This formula can be simplified to: 

Percentage Citric Acid = Titre x 0,064 

g/l Citric Acid = Titre x 0.0064 x 100 x 10 

10 (ml juice) 
 

This formula can be simplified to: 

g/l Citric Acid = Titre x 0,64 

The sugar acid ratio = °Brix value  

Percentage acid 

The sugar Acid Ratio =   °Brix value x 10 

g/l Citric Acid 

 

Health and Safety Guidelines 

Sodium Hydroxide in its undiluted form is extremely corrosive to body tissue. Skin 

contact causes irritation almost immediately and continued contact causes burns. The 0.1 Molar 

solution used in this test is much safer. However, it is recommended that protective coats are 

worn when using, and that it is used only in a well-ventilated room. Phenolphthalein is highly 

flammable and should be used with care. It should be stored and used away from naked flames or 

other sources of ignition. It is toxic if ingested. 

 

Step 6 > MEASUREMENT OF CITRUS FRUITS FIRMNESS BY 

PENETROMETER  

The firmness of a fruit is linked to the state of maturity and ripeness and may be influenced 

by the variety as well as the region of production and the growing conditions. This document 

describes an objective test to determine the firmness of fruit by means of a penetrometer. The 



 

12 
 

penetrometer is used by producers, packers and distributors to help to determine the stage of 

ripeness of a fruit and by the retail trade to determine palatability for the consumer and shelf 

life for their own records. The determination of firmness of a fruit by means of the penetrometer 

is based on the pressure necessary to push a plunger of specified size into the pulp of the fruit 

up to a specific depth. 

 

 

 

 

 

 

Material 

Penetrometers are available with dial gauges 

calibrated in both metric (kg) and imperial 

(lbs) measurements and can be obtained to 

cover different ranges of pressure suitable for 

measuring either soft or harder types of fruit, 

depending on the variety and the stage of 

ripeness of the produce to be tested. 

 

 

         
 

Stand Model Penetrometer      Hand Held Penetrometer 

 

 

 

 

 

 

The detachable plungers are available below: 

 

- One of 8 mm (½ cm²) diameter generally suitable for use in testing softer produce 
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(e.g. peaches, nectarines, plums), 

 

- one of 11 mm (1 cm²) diameter generally suitable for use in testing harder fruit (e.g. 

Citrus,  apples, pears) and  

 

Ideally the penetrometer should be bench-mounted on a fixed, rigid drill stand to ensure 

that pressure is applied at a steady controlled rate and at a constant angle to the fruit i.e. 

vertically downwards. This is more difficult to achieve when using a hand-held penetrometer. 

If it is not practical to use a stand mounted penetrometer and it is necessary to use a hand- held 

one as in the field or market place - then particular care must be taken to ensure a smooth and 

uniform application of pressure when taking readings. The method is the same for both the 

hand-held and the mounted penetrometer and must be identical for each item of produce tested 

in order to obtain consistent results. If testing is done in a laboratory, a stand-model 

penetrometer should be used. 

 

 

Sampling 

 

To evaluate the lot selected for inspection, take a sample of at least 10 fruits of each size at 

random from the reduced sample. However, fruits should be free from defects such as sun scorch 

and pest or disease damage, which may have affected the normal ripening process. 

 

Sample Preparation 

 

From two opposite sides of the equatorial area of the fruit a disc of peel (only skin depth) 

of up to 2 cm² (¾ sq. ins) is removed. Where fruit is of mixed colour, e.g. apples, the tests should 

be carried out where possible between the highest and the lowest colored portion of the surface. 

 

Measurement 

 

Hold the fruit firmly with one hand, rest it on a rigid surface, such as a table top or the plate 

at the base of the stand. The choice of plunger size and scale range used will depend on the type 
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and the variety of the produce being tested and its stage of maturity and ripeness. If the size of 

plunger is mandatory in marketing standards, the given size has been used. It is recommended 

that the size of the plunger chosen and the particular scale used should be such as to give readings 

in the middle range of the scale. Zero the penetrometer and place the plunger head against the 

flesh in the peeled area of the fruit. Apply steady downward pressure until the plunger has 

penetrated the flesh of the fruit up to the depth mark (half way up) on the plunger. Slow, steady 

pressure is essential as sharp uneven movements may give unreliable results. Remove the 

plunger and note the reading on the penetrometer dial, to one decimal place. Repeat the process 

on the opposite side of the same fruit after first zeroing the penetrometer. It is very important to 

conduct all tests as uniformly and carefully as possible in order to allow an accurate comparison 

of results. 
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