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Sazetak

Svrha istrazivanja: Ovo in vitro istraZivanje obavljeno je kako bi se procijenio endo-
geni pH i ukupan topljivi sadrzaj (UTS) koncentriranih te in natura razrijedenih trop-
skih vocnih sokova. Ispitanici i postupak: Uzorak se sastojao od devet vrsta (Ana-
nas sativus — ananas; Malpighia glabra — acerola; Spondias lutea — mombinska
sljiva; Anacardium occidentale — orah cashew; Citrus sinensis — naranca; Mangife-
ra indica — mango; Passiflora sp — gospodinova krunica; Citrulus vulgaris — lubeni-
ca i Vitis vinifera — grozde). UTS koncentriranih i razrijedenih sokova bio je izmjeren
Abbeovim refraktometrom , a za pH se koristio potenciometar. Rezultati: Svi sokovi
imali su pH vrijednosti niZze od 5,5. Onima od mombinske $ljive i lubenice izmjerena
je najniza (2,8) i najvisa (5,2) vrijednost. Moramo istaknuti da razrjedivanje nije pro-
mijenilo pH. UTS koncentriranih sokova bio je u rasponu od 5,25 posto (acerola) do
16,0 posto (mango). Nakon razrjedivanja , manji UTS izmjeren je u svim testiranim
uzorcima. Zaklju€ak: Vocni sokovi u tim istraZivanjima imali su manje vrijednosti pH
od kriti¢nih koje rezultiraju demineralizacijom zuba te se zato mogu smatrati poten-
cijalno erozivnima. lako razrjedenje nije znatnije promijenilo vrijednosti pH, jako je
smanjilo udjel Secera u pi¢ima.
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Uvod

Briga za zdraviju prehranu, povezana sa sve bo-
ljom kvalitetom Zivota, povecala je potro$nju voca
i prirodnih sokova (1,2). No, kod djece u dobi od 1
do 6 godina ta bi potro$nja trebala biti ogranicena
na 1812 do 2718 grama na dan. Ipak, viSe od 10 po-

Introduction

The concern with a healthier diet associated with
abetter quality of life has produced an increase in the
consumption of fruits and natural juices (1,2). Fruit
juice intake by children aged 1 to 6 years should be
limited to 4 to 6 ounces per day. However, over 10
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sto ameriCke predSkolske djece pije svaki dan oko
355 ml voénih sokova (3).

Razrijedeni koncentrati razlikuju se od ostalih
bezalkoholnih pi¢a, jer konzument ima nadzor nad
onim $to unosi u organizam. Bududi da se ne zna
koliko ljudi Cita upute proizvodaca, pretpostavlja se
da se razrijedeni vo¢ni sokovi piju i u koncentrira-
nijem i razrjedenijem obliku (4).

Zagovaratelji javnog zdravstva vjeruju da se lo-
Se prehrambene navike u djetinjstvu, posebice ako
se prije spavanja pije sok iz bocice, moZe povezati
s razvojem karijesa na mlijeCnim zubima (5-8). Od
nedavno raste zanimanje za utjecaj kiselih pica, kao
$to su vocéni sokovi, na pH dentalnog biofilma. Ne-
koliko je autora ve¢ istaknulo da voéni sokovi sma-
njuju taj pH (2,9-12).

Vrijednosti pH od 5,5 tradicionalno se smatraju
Kritiénima* za otapanje cakline, iako gubitak mine-
rala moZe poceti i kod visih vrijednosti (9). Veéina
voénih sokova i pi¢a ima dovoljno nizak pH da mo-
Ze potaknuti eroziju na povrsini cakline (2,12,13).
Voéni sokovi su proizvodi definirani kao tekudine,
a dobivaju se gnjeCenjem ili tijeSnjenjem zrelog vo-
¢a prikladnim tehnoloSkim postupcima, te imaju ka-
rakteristi¢ne boje, arome i okuse (1).

Kad je rije¢ o endogenom pH, on ovisi o vrsti
voca, njegovoj kiselosti, stupnju zrelosti te jo§ ne-
kim c¢imbenicima (14). Razlicite vrste sadrzavaju
razlicite koli¢ine Secera - voce sa sjemenkama 8 do
15 posto, s kosticama 6 do 12 posto, grozde 13 do
20 posto, a neke vrste naranci 3 do13 posto (15).

Brixova ljestvica, ili stupnjevi prema Brixu
('Bx), numeri¢ki odgovara postocima Secera i dru-
gih otopljenih tvari u otopini. Koristi se u prehram-
benoj industriji za procjenu koli¢ine Secera u voc-
nim sokovima i drugim pi¢ima (16).

Iako djeca piju mnogo voénih sokova, istraziva-
nja o tome je premalo. Zato je svrha ove studije bi-
la odrediti in vitro endogeni pH i ukupni topljivi sa-
drzaj (UTS) koncentriranih i prirodnih razrijedenih
sokova od tropskoga voca.

Materijal i metode

Za istraZivanje se izabralo sljedece voce: Ananas
sativus — ananas, Malpighia glabra — acerola, Spon-
dias lutea — mombinska Sljiva, Anacardium occi-
dentale — plod cashewa, Citrus sinensis — naranca,
Mangifera indica — mango, Passiflora sp. — gospo-

pH i UTS tropskih vocnih sokova

percent of American preschoolers consume at least
12 fluid oz of fruit juices daily (3).

Dilutable concentrates differ from most other
soft drinks in that the consumer has control over the
composition of what they drink. Because it is not
known how many people follow the manufacturer’s
instructions, it is reasonable to assume that dilutable
fruit drinks are consumed in both more concentrated
and more dilute forms (4).

Public health advocates widely believe that poor
infant feeding practices, particularly feeding juice
in a nursing bottle at bedtime, are associated with
the development of caries disease in primary teeth
(5-8). Recently, there has been an increased interest
in determining to what extent acid beverages, such
as fruit juices, affect the pH of dental biofilm. Sev-
eral authors have reported that fruit drinks decrease
the dental biofilm pH (2,9-12).

A pH of 5.5 is traditionally considered to be the
‘critical pH’ for enamel dissolution, although loss
of mineral may begin at higher pHs (9). Most fruit
juices and beverages have a pH low enough to in-
duce erosion on enamel surface (2,12, 13). Fruit
juices are products defined as liquids obtained by
expression or extraction of ripe fruits, by means of
adequate technological processes, and with charac-
teristic colour, aroma and flavour (1).

Regarding the endogenous pH, this characteris-
tic depends on the type of fruit, its acidity, species,
degree of ripening, among other factors (14). The
diverse groups of fruits contain varied amounts of
sugars: fruits with seeds (8 to 15%), fruits with seed
kernel (6 to 12%), grapes (13 to 20%) and several
species of orange (3 to 13%) (15).

The Brix scale or degrees Brix (°Bx) is numeri-
cally equal to the percent of sugar and other dissolved
solids in the solution. This scale is used in the food
industry for measuring the approximate amount of
sugars in fruit juices and others beverages (16).

In view of the high consumption of fruit juices
among children and the lack of international stud-
ies addressing this subject, the purpose of this study
was to evaluate in vitro the endogenous pH and the
content of total soluble solids (T'SS) in concentrated
and diluted in natura tropical fruit juices.

Material and Methods

The following tropical fruits were used in this
study: Ananas sativus - pineapple; Malpighia gla-
bra - acerola, Spondias lutea - hog plum; Anacar-
dium occidentale - cashew fruit; Citrus sinensis -
orange; Mangifera indica - mango; Passiflora sp.
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dinova krunica, Citrulus vulgaris — lubenica i Vitis
vinifera — grozde.

Kako smo Zeljeli dobiti koncentrirane sokove, sva-
ki je plod bio paZljivo opran, oguljen (ako je bilo po-
trebno) i prepolovljen, prerezan ili narezan - ve¢ prema
potrebi. Jestivi dijelovi koji sadrZavaju sok i sjemenke
rukom su bili podijeljeni i zatim mljeveni 15 sekundi
u sokovniku. Samo je narancin sok bio pripremljen u
posebnom uredaju za tijeSnjenje toga voca.

Mjerenje pH

Vrijednosti pH svakog soka odredivale su se pH-
metrom (TEC-2 pH metar; Tecnal, Sao Paulo, SP,
Brazil) postavljenim u tekucinu. Uredaj je najprije
bio stupnjevan na 0,1 prema uputi proizvodaca. Na-
kon toga je, uz pomo¢ puferskih (praskastih) stan-
darda s pH 7 i 4, 50 mL svakog soka stavljen u vr¢ u
kojem je bio pH-metar te je oCitana vrijednost.

Stupnjevi prema Brixu (°Bx)

Stupnjevi prema Brixu bili su izmjereni refrak-
ciometrijom pomoéu Abbéova refraktometra (PZO-
RL1, VarSava, Poljska). Buduéi da je refraktivni
indeks otopine koja sadrZzava Secer ovisan o tem-
peraturi, refraktometri se kalibriraju na 20°C (16).
Oprema je kalibrirana deioniziranom vodom (in-
deks refrakcije =1,333010 "Bx na temperaturi od 20
°C), a zatim su obavljena mjerenja na uzorcima (17).
Nakon toga su sokovi razrijedeni vodom u omjeru
1: 2 te su ponovljena mjerenja i pH i ‘Bx-a.

Rezultati

Tablica 1. prikazuje distribuciju srednjih vrijed-
nosti pH za koncentrirane i razrijedene vo¢ne so-
kove.
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- passion fruit; Citrulus vulgaris - watermelon and
Vitis vinifera - grape.

For extraction of the concentrated juices, fresh
ripe fruits of each type were carefully washed, peeled
(if necessary) and cut into halves, slices or pieces,
as appropriate. The edible parts containing juice and
seeds were separated manually and blended in a reg-
ular blender during 15 seconds, except for the orange
juice, which was obtained using an orange-squeezer.

pH Measurement

The pH of each juice was determined using a pH
meter (TEC-2 pH meter; Tecnal, Sion Paulo, SP, Bra-
zil) placed directly into each solution. The pH meter
accurate to 0.1 was first calibrated according to the
manufacturer’s instructions, employing buffer stan-
dards of pH 7 and pH 4. As much as 50 mL of each
beverage was placed in a beaker, the pH meter was im-
mersed into the juice and the reading was recorded.

Degrees Brix (°Bx)

The °Bx readings were made by refractometry
using an Abbé refractometer (PZO-RL1, Warsza-
wa, Poland). As the refractive index of a sugar-con-
taining solution is also temperature-dependent, re-
fractometers are typically calibrated at 20°C (16).
The equipment was calibrated with deionised water
(refraction index= 1.3330 and 0° Brix at 20°C) and
the readings of the samples were performed (17).
Thereafter, the juices were diluted at 1:2 ratio and
new readings of the pH values and °Bx were made.

Results

Table 1 displays the distribution of the pH mean
values for the concentrated and diluted fruit juices.

Tablica 1. Srednje vrijednosti pH i UTS za koncentrirane i razrijedene voc¢ne sokove

Table1 pH mean values and total soluble solids (TSS) for the concentrated and diluted fruit juices.
a4 pH %'TSS
Vocni sok * o PR o R
Fruit juice Koncentrirani voéni sok ¢ | Razrijedeni voéni sok * [Koncentrirani voéni sok ¢|Razrijedeni vocni sok ¢
Concentrated juice Diluted juice Concentrated juice Diluted juice
Ananas * Pineapple 3.9 3.9 15.00 7.75
Acerola 35 3.5 5.25 3.25
Mombinska Sljiva « 2.8 28 11.25 6.50
Hog plum
Plod Cashewa ¢
Cashew fruit 4.0 4.1 11.70 7.50
Naranca ¢ Orange 4.1 4.2 9.50 4.00
Mango 3.9 4.0 16.00 9.25
Gospodinova krunica ¢ 3.1 3.1 11.25 6.75
Passion fruit
Lubenica « Watermelon 5.2 5.2 7.75 4.00
Grozde * Grape 3.2 3.2 12.00 6.75
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Usporedujuéi koncentrirane sokove, najnize vri-
jednosti imao je sok od mambinske $ljive (2,8), a
najvise lubenice (5,2). Razrjedivanje nije znatnije
promijenilo vrijednosti pH.

Koncentrirani sok acerole imao je najnizu vrijed-
nost UTS-a (5,25%), a sok manga najvisu (16,0%).
UTS-a se kod razrjedivanja smanjio dosta proporci-
onalno obavljenom razrjedivanju.

Rasprava

Djeca su najveéi potrosaci sokova. Voéni soko-
vi i voéni bezalkoholni napici pretjerano se piju u
djec¢joj dobi upravo zbog dobrog okusa. Imaju i pri-
kladno pakiranje koje omogucuje da se drZe u boci-
ci ili nose cijeli dan. Buduc¢i da se smatra da je sok
hranjiv, roditelji obi¢no ne ograni¢avaju potro$nju.
A velik unos soka moZze pridonijeti razvoju karije-
sa (3,6-8,17,18).

Mjerenje kiselosti plaka, posebice promjena u
vrijednosti pH, predstavlja vaZnu skupinu testova
u procjenjivanju acidogenosti hrane, a time i njiho-
ve moguce kariogenosti (13,19). Budu¢i da toplje-
nje cakline postaje kritiéno kod pH od 5,5, rezultati
naseg istrazivanja pokazuju da svi vo¢ni sokovi mo-
gu erodirati caklinu zbog razmjerno niskih vrijed-
nosti pH. Stupanj erozije cakline koju poti¢e voé-
ni sok oko 5 do 8 puta je veéi, nego onaj kod voca
(mljevenog voénog soka). Isto je tako jasno da stu-
panj erozije cakline kod razli¢itih vrsta voca ovisi o
kombinaciji ¢imbenika kao $to su pH i koli¢ina te
vrste organskih kiselina i drugih kemijskih kompo-
nenti u samom vocu (20).

Opcenito, voce i tekucine Cesce se piju u trop-
skim zemljama. U Brazilu je i mnogo vrsta Cije se
vrijednosti pH ne mogu naéi u medunarodnoj znan-
stvenoj literaturi (12). Isto tako, nema opisa analize
UTS-a voénih sokova.

Najcesc¢i uzrok dentalne erozije kod mladih lju-
di vjerojatno je konzumacija kiselih pica, kao $to su
karbonizirana sportska pi¢a i voéni napici. Ta su pi-
¢a povezana s velikim gubitkom cakline, posebice
ako se koriste dok je salivarnost niska, Sto je slucaj
nakon sportskih aktivnosti (2,13,21).

Vrijednosti pH voca odabranog za istraZivanje
bile su u rasponu od 2,8 (mombinska §ljiva) do 5,2
(lubenica). Uzmemo li u obzir samo pH, svako bi
voce moglo uzrokovati dentalnu eroziju, jer su nji-
hove vrijednosti bile ispod razine potrebne za demi-
neralizaciju zuba (5,5). To istrazivanje je u skladu s
onima objavljenima prije (11,12,17,22).

pH i UTS tropskih vocnih sokova

Comparing the concentrated juices, the lowest
pH value was recorded for the hog plum juice (2.8)
and the highest pH value was recorded for the wa-
termelon juice (5.2). Juice dilution did not produce
significant alterations in the pH values.

The concentrated acerola juice presented the low-
est TSS content (5.25%), while the concentrated man-
go juice presented the highest TSS content (16.0%).
The decrease of TSS content in the diluted juices was
approximately proportional to the performed dilution.

Discussion

Children are the single largest group of juice con-
sumers. Fruit juice and fruit drinks are easily over-
consumed by toddlers and young children because
they taste good. In addition, they are convenient-
ly packaged or can be placed in a bottle and carried
around during the day. Because juice is viewed as
nutritious, limits on consumption are not usually set
by parents. High intakes of juice can contribute to
development of dental caries (3,6-8,17,18).

Measurements of plaque acidity, particularly as
changes in pH, form a very important group of tests
for assessing the acidogenicity of foods and hence
their possible cariogenicity (13,19). As enamel dis-
solution occurs at a critical pH of around 5.5, the
findings of the present study showed that all fruit
juices have the potential to erode enamel due to their
comparatively low pHs. The degree of enamel ero-
sion initiated by a fruit juice is about 5-8 times high-
er than that of the fruit (minced fruit juice). It also
became clear that the degree of enamel erosion by
different fruits depended on a combination of fac-
tors, such as the pH, amounts and ratios, as well as
the types of organic acids and other chemical com-
ponents present in the fruits (20).

Overall, fruits and liquids are more consumed in
tropical countries. In Brazil, there is a great variety of
fruits whose pHs are not available in the internation-
al scientific literature (12). Likewise, there are no re-
ports of the analysis of TSS content in fruit juices.

The most common cause of dental erosion in
young people is likely to be the consumption of
acidic beverages, such as carbonated sport drinks
and fruit juices. These beverages have been asso-
ciated with severe dental enamel loss, particularly
if consumed at moments of reduced salivary flow
rate, such as immediately after heavy sporting ac-
tivities (2,13,21).

The pH of the fruits selected for this study ranged
from 2.8 (hog plum) to 5.2 (watermelon). Consider-
ing the pH alone, any of the tested fruits could cause
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lako je Touyz (22) predlozio razrjedivanje soko-
va kako bi smanjio u¢inak kiselina uz caklinu i/ili
dentin, u naSem eksperimentu dilucija koncentrira-
nih sokova nije promijenila njihov pH, a to je uoce-
no i u ranijim studijama (12,23). Zapravo, Smith i
Shaw (23) su istaknuli da je ¢ak i u otopini od 1,10,
pH i dalje bio isti.

Ono §to moramo osobito istaknuti u istraZivanju
jest Cinjenica da se nakon razrjedenja smanjuje ko-
li¢ina Secera u soku. Iako se pritom ne smanjuje vri-
jednost pH, manji udjel Secera u razrijedenim so-
kovima mogao bi koristiti oralnom zdravlju, bududi
da su ugljikohidrati vrlo vazni u razvoju dentalnog
karijesa. Zato, na temelju rezultata ovog istraZiva-
nja, mozemo preporuciti razrjedivanje sokova ne-
posredno prije konzumacije.

Stolje¢ima su se voéni sokovi smatrali izvorom
vitamina, a zato Sto su dobrog okusa, djeca ih vole
piti. Iako njihova konzumacija ima prednosti, ima i
negativne ucinke. Pedijatri bi trebali znati kako po-
duciti roditelje, skrbnike i djecu da se pravilno kori-
ste sokovima (18). Instrukcije o negativnim poslje-
dicama vrlo su vazne i treba ih razmotriti u sklopu
prevencije dentalne erozije u djece.

Zakljuc¢ak

Ovo istrazivanje pokazuje da voéni sokovi imaju
vrijednosti pH ispod kriti¢nih, potrebnih za demine-
ralizaciju zuba i mogu pridonijeti razvoju dentalnih
erozija. Zato bi razrjedivanje sokova moglo znatno
smanyjiti udjel Secera i tako bi izravno utjecalo na
oralno zdravlje.
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dental erosion because all of them had pH values
below the critical value assumed for dental demin-
eralization (5.5). These findings are consistent with
those published elsewhere (11,12,17,22).

Although Touyz (22) has suggested the dilution
of fruit juices to minimize the effect of the acids
present in the juices on the enamel and/or dentine
surface, in the present experiment dilution of con-
centrated juices did not alter their pH, as previous-
ly observed by other authors (12,23). In fact, Smith
and Shaw (23) have reported that the pH remains
acid even with a 1:10 dilution.

An important aspect to be stressed in this study
refers to the decrease in the amount of sugars in fruit
juices after dilution. Although this decrease in sug-
ar content was not accompanied by an increase of
the pH, the lower sugar content of the diluted juices
would bring expressive benefits for oral health, as
the carbohydrates play a key role in the aetiology of
dental caries. Therefore, based on the outcomes of
the present study, it would be recommendable that
the parents diluted fruit juices before offering these
beverages to their children.

Historically, fruit juices have been recommend-
ed by paediatricians as a source of vitamins. Be-
cause juice tastes good, children readily accept it.
Although juice consumption has some benefits, it
also has potential detrimental effects. Paediatricians
need to be knowledgeable about juice to inform par-
ents and patients on its appropriate uses (18). In-
structing parents/caregivers on the negative impacts
of an excessive intake of fruit juices by their chil-
dren is an important aspect to be considered on the
prevention of dental erosion lesions.

Conclusion

This study demonstrates that fruit juices present
pH values below the critical value assumed for den-
tal demineralization and might therefore contribute
to the development of dental erosion. Therefore, the
dilution of fruit juices reduces remarkably the sugar
content of these beverages, which might bring ex-
pressive benefits to the oral health.
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Abstract

Objectives: This in vitro study evaluated the endogenous pH and the content of
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total soluble solids (TSS) in concentrated and diluted in natura tropical fruit juic-

es. Material and Methods: The sample was composed by 9 kinds of tropical fruits
(Ananas sativus - pineapple; Malpighia glabra - acerola, Spondias lutea - hog plum;
Anacardium occidentale - cashew fruit; Citrus sinensis - orange; Mangifera indica -
mango; Passiflorasp - passion fruit; Citrulus vulgaris - watermelon and Vitis vinifera
- grape). For concentrated and diluted juices, TSS content was determined by re-
fractometry, using the Abbé refractometer, and the pH was determined by potenti-
ometry. Results: All evaluated juices presented pH values lower than 5.5. The hog
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plum and watermelon juices presented the lowest (2.8) and highest (5.2) pH val-
ues, respectively. The dilution of the juices, however, did not produce pH altera-
tions. For the concentrated juices, the TSS content ranged from 5.25% (acerola) to
16.0% (mango). After dilution, a decrease in the TSS content was observed in all
tested samples. The fruit juices evaluated in this study presented lower pH values
than the critical value assumed for dental demineralization, being therefore, poten-

tially erosive. Conclusion: Although the dilution of the fruit juices did not produce
expressive alterations in the pH values, it reduced remarkably the sugar content of

the beverages.

Key words
Beverages; Hydrogen-lon Concentration;
Dental Caries; Tooth Erosion
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