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"The safest position is somewhere between 

arrogance based on unrecognised ignorance 9 

and arrogance based on unwarranted 

certainty o ;; 

Profe ssor John Yudkin 

"Pure , White and Deadly" 9 1972 
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ABSTRACT 

The likely ori gin of the New Zeal and grapefruit 

(NZGF) is discussed and pr esent and future trends in its 

production and utilisation presented. Early and l a t e season 

samples of NZGF juice were analysed for the presence of the 

enzymes pectinosterase, polyga l ac turonase and as corbic acid 

oxidase, no tra ce of the latter two being found. Samples 

of juice from NZGF harvested a t r egul ar interva ls from July 

until December 1973 were analysed for yield, total soluble 

solids, titratable acidity, pH, pectinesterase activity, and 

ascorbic acid content. 

The average yield of juice obta ined (35.6% w/w) 

was significantly l ower than that reported from overseas for 

true grapefruit. The level of total soluble solids remained 

fairly constant in the range 12.0 to 12.6%, while the pH of 

the juice increas e d throughout the season from 2.95 to 3.40. 

The titratable acidity was within the range 1.0 to 2.0 grams 

of citric acid per 100 ml of juice, while the Brix: acid 

ratio varied from 5.02 to 10.03. The level of pectine sterase 

in the juice (which increased as the season progr essed) was 

comparable wi th that found in overseas citrus juice s, while 

the level of ascorbic acid in the juice declined over the 

season from 32.4 to 23.2 mg/100 ml, in agreement with over

seas trends. With the exception of yield, the compositional 

characteristics of NZGF juice reported here do not differ 

markedly from overseas grapefruit juices. 
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The important role which pectinesterase plays in 

the destabilisation of citrus juice cloud is outlined and 

possible methods for inactivating the enzyme are cescribed. 

As the application of heat is the only method in commercial 

use 1 factors aff ecting and methods for studying the thermal 

ina ctivation of enzymes a r e discussed . As the major object

ion to most of these methods is the way in which the 

hea ting and cooling l ags a r c evaluated 9 a new method which 

adequately describes these thermal l ags has been developed 

for determining the thermal resistance of pectinesterase 

in NZGF juice. 

A digital computer was programmed to determine 

(using a trial and error technique) the constants in two 

expressions which r e l a te the equivalent effect of unsteady

state heating and cooling of NZGF juice to the inactivation 

of pectinesterase . One expression assumed that the rate of 

inactivation was exponentially related to temperature; in 

this case the constant was the z value. The other expression 

assumed that the rate was related to temperature according 

to the Arrhenius equation 9 in which case the constant was 

the activation energy . The two constants were evaluated 

for both low and high pH juice. It was found that the latter 

expression using the Arrhenius equation described the change 

in rate of inactivation with temperature more adequately than 

the former expression . From these expressions the times 

required at different temperatures to inactivate pectinester

ase in NZGF juice of varying pH were calculated. The appli

cation of these results to the industrial processing of NZGF 

juice is discussed. 
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CHAPTER ONE 

THE DEVELOPMSNT OF THE CITRUS FRUIT INDUSTRY IN 
-----------------

NEW ZEALAND WITH PARTICULAR REFERENCE TO GRAPEFRUIT 



SECTION I 

THE ORIGIN OF NEW ZEALAND GRAPEFRUIT VARIETIES 

It was not with an apple that Eve tempted Adam 9 

according to one tradition 9 but with a citrus fruit - a 

primitive citron called etrog or Adam's appleso (Kefford 9 

1966). Citrus fruits with their attractive colours and 

distinctive flavours continue to tempt the appetites of 
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men 9 and as the richest natural sources of vitamin C9 they 

are important to human nutrition o More citrus fruits are 

consumed directly as human food than any other kind of fruit 9 

and the world crop of citrus fruits is second only to the 

grape crop , much of which 9 however 9 is utilised in fermented 

liquorso 

New Zealand is a signatory to the Codex Aliment

arius Commission Standards on fruit juices which are likely 

to become accepted internationally within the next three 

years. Once this happens 9 any grapefruit products exported 

from New Zealand will have to meet the Codex standardso 

Therefore it is important to the citrus processor to know 

how New Zealand grapefruit compare with overseas species and 

varieties. 

The botanical or horticultural names of the major 

citrus fruits 9 together with the taxonomic relationships 

between them, are summarised in Table I, after Swingle and 

Reece (1967) and Hodgson (1967). 



Gen e r a l Name 

Sweet orange 

Bitter or 
sour orange 

Mandarin 

Grapefruit 

Pummelo or 
Sha ddock 

Lemon 

Lime 

Table I 

Classification of Citrus Fruits 

Botanical Name Vari e tal Group s 

Citrus s inen s is Norma l oranges 
Naval oranges 
Blood oranges 
Low- ac i d oranges 
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Citrus auranti um Bitter (Seville) oranges 
Bittersweet orange s 

Citrus r et icula t a Common mandarins 
Tangerines 
Satsuma mandarins 
Mediterranean mandarins 
Small-fruited mandarins 

Citrus paradisi Pale-fle shed grapefruits 
Red-fleshed grapefruits 

Citrus grandis Common pummelos 
Pigmented pummelos 
Low-a cid pummelos 

Citrus limon Acid l emons 
Low- a cid lemons 

Citrus aurantifolia Small-fruited acid limes 
Large-fruited acid limes 
Low- a cid limes 

The ori gin and significa nc e of the n ame "grapefruit" 

a r e ob s cure . According to Webber (1 943) , who made a compre

hensive search of the lite r a ture, the earli es t recognisable 

mention of grapefruit occurred in Barbados (Wes t Indies) in 

1750 under the name "forbidden fruit", from which the species 

designation £aradisi was assigned in 1830. The first known 

use of the t erm grapefruit occurred in 1814 in Jamaica, in 

which it was refe rre d to as a special and smaller kind of 
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shaddock whose flavour somewhat r e sembled that of the grape. 

It seems more likely 9 however 9 that the name was derived 

from the fact that the fruits commonl y occur in sma ll clust

e rs rather than singly 9 as with most shaddocks (pummelos). 

Early in the present c e ntury 9 the name pomelo was proposed 

and for a time was us ed by American horticulturists. It 

was not accepted b y the industry 9 how e v e r 9 and has now 

vir tually disappea r ed. 

According to Hodg son (1967) 9 the grapefruit almost 

cer tainly originated in the West Indi e s 9 for it is not 

described in the old lite r atur e and wa s not known in Europe 

or in the Ori ent until aft e r its discovery in the We ste rn 

Hemisphere . That it was derived from the p~ mmelo is c e rtain 9 

but whether by somatic muta tion or natura l hybr i disat ion is 

not known. However 9 it i s the opinion of Hodgson (ibid.) 9 

based on observations of nume rous natural hybrids of the 

purnmelo in northeastern India 9 Sikkim9 and eastern Nepal 9 

that the grapefruit originated as a natural h ybrido 

Although the grapefruit was s a id to be common in 

Jamaica and p robably throughout the We st Indi es 9 it r e mained 

for Florida to introduc e the grapefruit to the America n 

consumer a nd to develop a commercial industry . This f a ct 

explains why 9 wi th the sole exc eption of Redblush (Ruby) 9 

all the grapefruit varieti e s of commercial importance have 

originated in Florida and apparently tra ce back to the 

original introduction. 

The so- called New Zealand grapefruit is not a true 



grapefruit but is a natural hybrid of obscure origin with 

tangelo characteristics. That it originated in the Orient 

is sugge st ed by Bowman's statement (1956) that it was 

brought to Austra lia ( presumably the fruit) from Shangha i 
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by a Capta in Simpson ea rly in the 19th Century. The 

earli es t description of the Poorman orange (as the variety 

was then ca lled by the Australi ans), given in a New South 

Wales nursery catalogue of 1820, indicates that the original 

introduction might have been a shaddock (pumme lo). 

According to Bowman (ibid.) the Poorman was taken 

to New Zealand by Sir George Grey 9 who established his home 

on Kawau Island in the Hauraki Gulf about 1855. About 1861 9 

Grey provided propagation materials to John Morrison of 

Warkworth 9 and for many years the most commonly grown strain 

of this fruit was known as Morrison 9 s seedless. The name 

'New Zealand Grapefruit' (hereafter referred to as NZGF) was 

late r given to this and other thin-skinned high quality 

strains of Poorman orange s. A popular strain being planted 

at present is known as 'Golden Spe cial' and is probably a 

variation of Morrison's strain. 'Lippiatts' is another 

strain which has b een grown and which aros e as a seedling 

of the Poorman orange. 

The earl i er plantings of NZGF were of trees 

propagated on either sweet orange or rough lemon rootstocks 

which grew to a very large size 9 and although these trees 

were heavy bearers 9 harvesting costs were high. The trend 

with recent plantings has been to propagate trees on tri

foliata rootstocks 9 and this is r esulting in smaller trees 



which are easier to handle and which can also be planted 

close r together to maintain yields per a cre. In fact, 
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double planting at about 230 trees per acre is now not un

common, but the average density of tree s over all plantings 

is at present only about 145 trees per acre (Fletcher, 1971). 

The NZGF is mediTu~-la rge 9 oblate to broadly obovate 

to nea rly globose. Despite having numerous seeds, it i s 

monoembryonic. It has a pale orange - yellow colour at 

ma turity, with a medium-thick rind. The flesh colour is 

yellowish orange , coarse -textured and juicy, the flavour 

being pleasantly suba cid with a trace o:f bitterness . 

Compared with true grape:fruits 9 it matures very early, but 

holds on the tree exceptionally well without loss in colour. 

The tree i s vigorous, large and prolific, with dark green 

l eaves ~ and the petioles are suggestive of mandarin or 

bitter orange rather than grapefruit (Hodgson, ibid.). 

The only other kind of grape:frui t v1hich is gr·own 

in New Zealand is the Wheeny gr apefruit. This is a late 

variety, ripening :from November to March . It originated as 

a chance seedling at Wheeny Creek near Kurrajong, New South 

Wales, Australia, and was :first introduced into New Zealand 

about 1935. The :fruit is pale yellow, large, thin skinned, 

and very juicy, somewhat similar in appearance to American 

and Jamaican grapefruit varieties. It is not a true grape

fruit, however, but a natural hybrid, probably with a Seville 

orange parent. Interest in Wheeny grapefruit has waned in 

recent years, and production o:f this variety is not important 

in New Zealand at present. 
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As mentione d e8.rli e r in this s e ction 7 New Zea-land 

is a signa tory to the Codex Alimenta rius Commission Stand

a rds on fruit juices . The draft Codex Sta nda rds on citrus 

juices (Codex Alimenta ri us Commission 9 1971 ) r equire tha t 

gr apefruit juice b e e xtra ct e d from the species Citrus 

p a radisi Ma cfadyen , the true We st India n grapefruit. The 

New Zealand Food and Drug Re gulations (1973) regulation 197 9 

state that grapefruit juice shall b e the expressed juice 

of ma ture grapefruit of the speci e s Citr_£§, par adi si , or of 

hybrids of that spe ci e s , or of hybrids of the species 

Citrus grandis. 

However, the above discussion h a s indicated that 

New Zealand grapefruit is unique, belonging to neithe r of 

the abov e - mentioned spe cies. Therefore, at this p oint in 

time 9 a ll NZGF juice sold in New Zea l a nd f a ils to meet the 

Food a nd Drug Regula tions. Furthe r mor e , NZGF juice could 

n e v e r meet the Codex Alimentarius Commission Sta nda rds 

from a species point of vi ew . The proper course would s eem 

to b e to ha v e a special designation in both the Codex 

Standards and the New Zea l and Food and Drug Regulations for 

NZGF juice . Be cause of the recent increases in NZGF juice 

processing , there would appear to be some urgency in this 

matter. 




