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Effect of oxygen light on the 
quality of orange juice during storage at 8°C 

(Received 9 June 1994: revised version received and accepted 29 Saptembar 1994) 

The ei%xt or orygen and light exposure and the combination of these two pera- 
meters on the retention of ascorbic acid, occurrence of non-enzymatic browning 
and the formation of 5.hydroxymethyl-2.furfu~ldehyde (HMF) and furfural 
was investigated in orange juice stored at 8°C for 52 days. Orange juice, recon- 
stituted and HTST-pasteurized. was stored in glass containers. covered on the 
sidca with aluminium foil and scaled on the top with packaging materials, i.e. 
glass. polyethylene and paper carton, having different lighf transmission and 
orygen permeation characteristics. The ascorbic acid content war significantly 
affected bv the level of dissolved ox~aen in the iuice. but no elect of liaht could 
be observed under the conditions dfihis study. Browning iacreaxd diring the 
first 3 weeks of storage in all samples and was over the whole pcricd of rtoragr 
signihFantly corrclaled to the level of dissolved oxygen. but the eRccr of light 
was insignificant. HMF and furfural contem did not increase significantly in any 
of the timpIes during the S-day storage at PC. 

INTRODUCTION 

Orange juice holds the leading position among juices in 
global consumption. The nutrient quality of orange 
juice is related mainly to its ascorbic acid content, and 
the decomposition of ascorbic acid and non.enzymatic 
browning arc reported as the major deteriorative reac- 
tions occurring during storage. 5-Hydroxymethyl-tfur- 
furaldehyde (HMF) is produced in orange juice from 
sugars by heating during processing and can cause 
browning reactions with amino compounds and sugars. 
Ascorbic acid is decomposed to furfural. which is 
known to undergo polymerioation and, as an active 
aldehyde, may combine with amino acids and con- 
tribute to the browning of the juice. Roth furfural 
(Nagy 8 Randall, 1973; Nagy & Dinsmore, 1974; 
Kaanane PI al, 1988) and HMF (Robertson & 
Samaniego, 19% Lee & Nagy, 1988) are useful indiitors 
of storage temprature abuse in commercially processed 
citrus juices. 

Tetnpratttrc, the presence of oxygen, exposure to 

‘To whom correspendmcc should be addressed. 

light and the length of storage are the most critical 
factors influencing the quality of citrus juices. Increasing 
storage temperature of citrus juices results in increased 
degradation of ascorbii a&l (Nagy, 19&h Graumliih II 
al.. 1986; Kaanane PI al.. 1988; Kennedy er al, l!J!E), 
and non-enzymatic browning in orange concentrate has 
also been shown to be temperature-dependent (Kanner 
.“I o/L 1982). 

The adverse effect of dissolved oxygen on the quality 
of citrus juices has been reported by many researchers: 
increased degradation of ascorbic acid (&s&t & Berry, 
1975; Trammelt er al, 1986; Kacem et al., 1987& 
Sizer er al, 1988; Kennedy n al., 1992) and increased 
browning (Robertson $ Samaniego, 1986; Trammel1 
et ul., 1986; Kacem et al., 1987b). Based on sensory 
evaluation, however, the level of dissolved oxygen did 
not at&t the sensory qnaljty of orange juice stored at 
2S’C (Trammel1 er u/., 1986; Kacem et 111.. 1987a), 

The effect of light has been less investigated and find- 
ings are contradictory. Ahmed er 01 (1976) attributed 
the Ravour changes and ascorbic acid losses in non- 
pasteurised refrigerated orange j&e to light exposure 
in combination with microbial growth and the presence 
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of oxygen in the juice. Fluorescent light had a signiti- 
cant ctlh On the ascorbic acid degradation and the 
sensory acceptability of orange drinks stored at ambient 
temperature (2%30°C) for 32 days (Sattar cr rrl.. 1989). 
No influence of cxpusurc to sunlight wus shown, how- 
ever, on the ascorbic acid content. nonenzymatic 
browning and organolcplic propertics in orungc juice 
stored For 52 days at cithcr 5 or 20°C (Mottar. 1989). 

Traditional materiah protect OGing juice from oxygen 
(glass and aluminium foil) and light cxposurc (alu- 
minium foil). Owing to environmental concerns. new 
polymeric bnrriers are now being developed that may 
expose the product to both oxygen and light during 
chill+storing. However, to what cxlcnl such slorage 
conditions might intluencc the quality of orange juice 
has been little investigated. The purpose of this study 
was IO invest&c the erect of oxygen and light cxpo- 
sure and the combination of these two pkGNiIL?tcrS on 

the retention of ascorbic acid. occurrence of browning 
and the fOrmdiiOn of HMF and furfural in rcconstitulcd 
HTSTpasteuriscd orange juice stored a~ 8°C. 

MATERIALS AND SIETHODS 

Materials mad storage conditions 

Orange juice reconstituted from frozen concentrate 
with water to I l~K%ix wus HTST-pastcuriscd at 9YC 
for I5 s without dcaeration and aseptically packed in 
IBOO-ml Tctra Brik Aseptic carlons. The juice was then 
transfcrrcd under hygienic conditions into autoclavcd 
glass containers of 3Bil ml. The sides of the containers 
were covered with aluminium foil and the top was 
scaled with barriers having different light transmission 
characlcristics nnd dilTercnt air prmeability. Thu mate- 
rials used as barriers were an unblcachcd carton barrier 
and IWO polyethylene (PE) barriers. one opaque show- 
ing low light transparency coded us PEtLT) and the 
other with high light transparency coded its PELHT). 
The thickness of the polyethylene tnittCrid)S was 50 hrn. 
Glass was used as a fourth barrier. by placing the her- 
mctically scaled glass containers upside down over a 
bench. with the glasr surface towards the light source. 
These glass containers were tilled to the top, thus 
allowing no air headspace. while the glass containers 
with polyethylene and the carton lids were filled so that 
an air layer t-70 ml) was trapped in the container. The 
iight transmission (7%) of the materials used as light 
barriers was determined at different wave lengths (A) 
with a Hitachi U 3200 spectrophotomcter (Table I). 
The exposure of all samples to light wits mudc uniform 
by adjusting the distance of the samples from the light 
sottree, which consisted of three 40-W COOI, white 
fluorescent lamps. The avcragc light intensity was 2000 
htx us measured by a Lulron LX.101 digital lux-meter. 
The storage rcmperaturc was 8OC and the storage 
period was 52 days. Samples were also kept in darkness 
under the same conditions in glass containers with air- 
tight tin lids cr carton lids. A single measurement of 

Tabk I. Light trrnsmi&n (WI) of the materials used ns light 
brrrifM at dikent WZNh,~tt,, 

km, 
Carton PMLT) PEIHTI Glass 

300 0 0 3,4 0,25 
4w 3.h 72.8 08 
500 : 24.8 82. I 67 

‘PE(LT) and PE(HTI. polyethylene barks showing low and 
high light tranrprrcncier. respeckly. 

each quality parameter was performed in juice samples 
from two replicate coniaincrs taken at days 0. 3, 8, 14, 
22,30,38 and 52. 

Methods of analysis 

Ascorbic acid conlenl was determined by an HPLC 
analytical procedure using a Milton Roy V’S pump (Mil- 
ton Roy) at a flow rate of 2.5 mhmin, a Valco injection 
valve with a IO-/d loop. a 250 X 4,6 mm LiChrNH! 
column. a Waters Model 440 detector (Water Associ- 
ates Inc.) act at 254 nm. and a Sekonic SS-250F 
recorder (Sekonic Co.). The mobile phase was 75:25 
(v/v) acctonilrijc/O~OS M KH,PO,, pH 5.95 (Tuan & 
Wyutt, 1987). ChI@C juice (I ml) wits transferred to a 
IO-ml volumetric flask and mude to volume with dis- 
tilled water. The diluted orange juice was then tillered 
through a 0,45+m filter and kept in ice for a few min- 
utes berore being injected into the HPLC. The dehy- 
drodscorbic acid content was indirectly quantified after 
reduction to ascorbic acid by adding t-cysteine- 
hydrochloride monohydrate (I% w/v of the sample) in the 
tiltercd sample. The pH of the sample was adjusted to 
between 7.0 and 7.5 by addition of NH, (25%) and 
maintained at that pH lcvcl for 2 min. The pH was 
then lowered to the initial value f-1.6) with concen. 
trated HCI, after which the sample was analysed for 
total ascorbic acid content. 

Browning was measured as light absorbance at 420 nm 
(Meydav (‘I ul.. 1977) with a Beckman DU-8 spec- 
trophotometer (Beckman Instruments Inc.). 

Furfural und 5-HMF were determined simultaneously 
utth the HPLC method described by Lee L’I I#/. (1986) 
with some modifications concerning the elution of fur- 
furals (with methanol, 15% v/v in water) and the mobile 
phase (mcthanol:water, IS:85 v/v). For the HPLC analy- 
sis. a Beckman I IOB pump at a flow rate of 1 mkmin, a 
Reekman 210A injection valve (Beckman Instruments 
Inc.), and a Supclco. supeleosil 7MLC-18, 250 X 46 mm 
and 5 pm particle Sue. column (Supelco Inc.) were used. 
Tbc injection volume 0r the sample wdS 20 ~1. Detection 
was performed with a Hewlett Packard 1050 detector set 
at 280 nm, and a Kipp & Zonen BD 40 recorder was used, 



Oruflgc juice quuliry 365 

The oxygen dissolved in the juice was measured by a 
Micro-electrode OM-4 Oxygen-Meter (Microelcctrodes 
Inc.) using a membrane-covered oxygen probe. 3 mm 6 
(Clark type MI-730 oxygen Micro-electrode). The lid 
was removed from the glass container and the oxygen 
probe was immediately inserted in the juice. The probe 
was then slowly stirred to ensure a constant oxygen 
supply IO the sensor. The reading was taken when a 
steady value was registered (after approximately 3 
min). 

Multiple regression analysis was performed by the 
SYSTAT 5.0 program for WINDOWS to evaluate Le 
effecl of dissolved oxygen, storage lime and tighl expo- 
sure on ascorbic acid dcgrudation and browning. A 
three-way analysis of variance (ANOVA) was per- 
formed to determine significanl diferences (P < 0.05) 
among the samples slored in differem containers. 

RESULTS AND DISCUSSION 

The amount of oxygen dissolved in Ihc juice before the 
transfer into the diHerent containers was 1.U mu/l. In 
the hermetically se&d glass containers, the amount of 
oxygen progressively decreased until the 30th day. 
when no oxygen was detected in the juice ITable 2). In 
the containers with the polycthylcnc lids. the oxygen 
reached a maximum value after 3 and 8 days (3.9 and 
4.5 ms/l. respectively) and then slowly decreased to a 
level of aboul I .7 mgll after 22 days of storage. Thcrc- 
after. no further changes occurred up to day 52. The 
c&on lid proved lo be a poor oxygen barrier (Mar- 

Tabk 2. Oxygen con&m ia ciqe jniee siored at B”C k #ss 
conbivrr *ilk ylereat Ed!? 

_____ 
Storage day Dissolved oxygen (m@l) 

Airtight FE lid CXioll 
glass/tin lid -~ lid 

PEIHT) PE(LT) ._~ _ ____.. -- 
Light hrk Light Light Light Dark __ - 

0 IO I,0 IO I,0 I.0 I-O 
3 o-7 I.1 3-9 3.7 l-2 8.8 
8 0.7 I.2 2,b 4.5 K.3 9.3 
I4 2.3 2.4 2.X 3.9 8.7 7.0 
22 il.6 0.4 I.8 1.7 5.6 6.7 
30 WrJ 0.0 1,I 1.8 7.8 7.0 
38 o,o O-O I,Y I.7 8.2 I.6 
52 o,rJ 00 IX!l 1,s 7,9 8.3 

--__l~- ~~~ 
“Mean values of single measurements in IWO rcpliedte Earn+ 
Amoum 01” dissolved oxygen in ihe juice packed in Ihe Telrd 
Flrik Ascplic cdrlons before transfer 10 slorageconlaincrs. 

shall <I ul, 1986). resulting in constantly high levels of 
dissolved oxygen (from 7 to 9 mg!l) throughout the 
storage period, corresponding to orange juice saturated 
with oxygen (Sizer eI ub. 1988). 

Ascorbic acid 

Figure I shows the change of ascorbic acid content in 
samples with direrent oxygen and light exposure dur- 
ing the 52-day storage period. The ascorbic acid con. 
tent was 473 m&l (Table 3) in the juice transferred into 
the difkrcnr siorage conlainers at day 0. Within the 
first week of storage, the ascorbic acid content 
dereased by abar 20% in all samples. which can be 
explained by rhe amount of i i&l oxygen (in the 

Fig. I. Ascorbic and dehydroascorbic acid changes in orange juice stared at S°C in glass containers with different lids as afkcted 
by storage time. The unbroken lines (-) represent the changes in ascorbic acid and the dashed lines (---I represent the changes 

in dchydroaxorbic acid. 
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storage day Ascorbic acid (nag/l) 
_._- ----___ 

Airligh~ PE lid Carton 
gl&tin lid ---- lid 

PE(HT) PEtLT) 
--- 

Ligln Dark Light Light Light Dark 

0 473 473 413 473 473 473 

: 
383 a 438 b 385a 39Oa 363a 373a 
397 a 355a 365 a 344a 320a 332 a 
305a.b 3X b 263 c 280 a.c 160 d 187 d 
3Wa 3?Oa 190b 245~ Od 73 e 
350a 344a I47b 20Sb Oc Oc 
323a 313~1 ll3b 173~ Od Od 

52 29011 29Sa Ob Ob Ob Ob 

“Mean values of single tneasurcme!~ts iii Iwo replicalc sam- 
pla. Values within rhc same row Wowed hy diKerent lencrs 
(a+) are significantly dikrent (P-z 0.05). 

headspacc. dissolved in the juice and incorporated into 
the product during the transrer from the cartons into 
the glass ccntair.crs) and is in accordance with results 
reported in previous storage studies (Nagy & Smoot. 
1977; Kennedy cr 01.. 1992). Al’tcr 14 days of storage, 
the ascorbic acid content was significantly higher (P < 
0.05) in the hermetically scaled (airtight) glass containers 
than in the glass containers with polyethylene and car- 
ton lids. and significantly higher iu the containers with 
the polyethylene lids than those with the carton lids 
(Tahlc 3). No further degradation of ascorbic acid was 
observed in the containers with airtight lids, while the 
ascorbic acid content was reduced IO 0 after 30 days 
and 52 days in the containers with carton and 
polycrhylene lids. respectively. Multiple regression mal- 
ysis of the data indicated that ascorbic acid degrada- 
tion was significantly correlated (P < 00l1, i = 0.78) 
to the lcvcl of dissolved oxygen and IO the length or 
storage. Similar findings have heen reported by Tram- 
mell (‘I nl. (1986). Kennedy CI ul. (1992) and Kacem cf 
al. (19870). 

Table 3 shows thal there is no significant difkrence (P 

> 0.05) in ascorbic acid degradation in the juice stored 
in glass containers wilh airtight lids, exposed and unex- 
posed to light. In the juice samples covered with carton 
lids. ascorbic acid content decreased to low levels at the 
same rate ror hoth lighbexposed and unexposed sam- 
ples. Only in juice samples covered by different 
polyethylene lids were some dilierenccs observed on the 
22nd and 38th day of storage. The ascorbic acid reten- 
tion was signiticanlly higher in the samples covered by 
the opaque polyethylene lid (PE(LT1) than in the sam- 
ples covcrcd with the transparent polyethylene lid 
(PE(HT)). Howcvcr. after 52 days of storage, no ascor- 
bic acid remained in any OF these samples. It appears 
that light may make a slight contribution to the rate of 
ascorbic acid degradation when there are medium 

levels of dissolved oxygen (-2 ppm) in the juice. However. 
in spite of the observations on the 22nd and 38th day 
of storage, regression analysis of the data showed that 
the overall erect of light was insignificant (P > 0.1) 
when juice was stored at 8°C. It can be concluded that 
light has a minor effect on the degradation of ascorbic 
acid, compared with that of oxygen, under the condi- 
tions of this study. These results are in agreement with 
those of a previous study, in which sunlight had a min- 
imal influence on the quality of orange juice stored for 
three months at 5 or 20aC (Mottar. 1989). 

Dehydroaseorbic arid 

Dehydroascorbic acid (DHA) is formed from ascorbic 
acid under aerobic conditions. The orange jui= stored 
in hermetically sealed glass containers for I4 days con- 
tained DHA at a level of +g% of the total vitamin C 
content (IS40 mg/l). which is in agreement with the 
values presented by Nagy (1980). From the 22nd da:f 
until the end of storage, DHA was reduced to non- 
detectable lcvcls (‘5 mgQ. while no oxygen was detected 
in the juice after the same period of storage. The per- 
centage of vitamin C In the form of DHA was higher 
in the juice samples stored in the containers with the 
polyethylene lids and even higher in the case of the 
containers with the carton lids (Fig. I). In these sam- 
ples. the oxidation of ascorbic acid to DHA was exten. 
sive. causing a significant and continuous loss of 
vitamin C. Regression analysis showed a significant 
eflcn of dissolved oxygen (P < O,Ol, i = 0.17) on the 
formation of dehydroascorbic acid. 

Browning 

Baowning took place at the same rate in all samples 
during the first 3 weeks of storage (Fig. 2). After 
the 30th day of storage, browning seemed to level off in 
all samples. However. after S2 days of storage, the 
samples with the carton lids showed a significantly 
higher (P < 0.05) browning value than the other sam- 
ples. These results correlate with those of Mannheim cr 
u/. (1987). who found that iflitially small diflerences in 
the rate of browning in orange juice stored in cartons 
and in glass containers became greater with increased 
storage time during I2 weeks of storage at ambient 
temperature (25°C) Regression analysis indicated that 
browning was significantly (P < 0~001. i = 0.77) corrc- 
latcd IO the level of dissolved oxygen and time of stor- 
age, hut the effect of light was insignificant (P > 0.05). 
The correlation between browning and the level of dis- 
solved oxygen may bc a result of the oxidative degrada- 
tion of ascorbic acid. Increased levels of dissolved 
oxygen result in increased oxidation of ascorbic acid, 
and thus increased development of brown pigments in 
the juice. The r&lion between browning and ascorbic 
acid loss in orange juice during storage has been 
pointed out by other researchers (Trammel1 cr al. 1986; 
Kaccm e/ ul.. 1987u.6). Light has previously been 
shown to have a minor eRect on browning during the 
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Fig. 2. Non-enzymatic browning ol orange juice stored at B”C in glass containers with ditTerent lids as alkcted by storage time. 

0 1 Ill I5 211 15 51, 3s ill IS 51, 55 

Storage lime (days) 

Fii# 3. Furlural accumtdation in or~ngc juice stored af 8°C in glass contamers with dithcnt lids as al&ted by storage time. 

storage of orange juice in different containers and diff- 
erent light conditions (Mottar, 1989). 

HMF and furfural accumulation 

The amount of HMF was low in all samples (<lo0 
&I) during the 52-day storage period and close to the 
detection limit of the method. Furfural content 
increased slightly (from 128 to 200 &I). but no signifi- 
cant differences could be observed between the different 
samples (Fig. 3). These results are in agreement with 
previous data that indicate a slow increase of HMF 
levels in grapefruit juice stored at WC (Lee 8r Nagy, 
1988) and of furfurrl levels in orange juice stored at 5 
and 10°C (Nagy % Randall. 1973). Kanner et ul. t 1982) 

have earlier shown that 12°C seems to bc a critical stor- 
age temp%tture. below which furfural accumulation is 
very slow. 

CONCLUSIONS 

The level of dissolved oxygen and the length of storage 
were the most important factors for the degradation of 
ascorbic acid and browning in orange juice stored at 
8°C. No et&t of light on the degradation of ascorbic 
acid and browning could be observed under the conditions 
of this study. HMF and furfural content did not in- 
crease during storage at 8°C and no significant differ- 
ences were observed between the different samples. 
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