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Changes of washing water during debittering and the brine during storage
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RESUMEN

Cambios en las aguas de lavado duranie el desamar-
gor y en la salmuara durante &l almacenamienio de acel-
tunas Irradiadas | lea ewropea L),

Acailunag |Owa eurgpea L) tratadas con 0, 1, 2 ¥ 3 kiGy de
irradiacicn gamma se bes sliming of amargee 60 agua destiads
durante 8 dias y 56 almacenanon an salmweera duranta 12 mesas
a lemgeratura ambianie, Se delerminanon ks camenidos sdlidos
osuaos inorgEanices y los iotales. 6l Ma, el K, el Ca, la conduct-
widad slaginica ¥ s valofes de pH en las aguas de lavata (diaria-
mante) y en la salmuera (daspuds de & y 12 mases), Lo
regultados mostraran gue la madiacon gamma aumanis los 56
dob disusltos inangdnicos y tatales, el Na y o K en las aguas do
lavado, v an la salmuara duranta fods 6l procesn de liminacién
dal amargor asd como duranie &l pericdo de almacenamianio,
Ademas, la rradacon gamma 160 un elecio sabre la conduciie
Ol eleitica y s wiloras de pH e a6 aguas de lavato y de la
salmuem

PULABRAS-CLAVE: Aceiluna - Agua die lavads = Aimace-
Aafmiedis - Dasamargor = lmadiacian gaming.

SUMMARY

Changes of washing water during deblttering and
the brine during storage of irradiated olive fruits {Olea
europea. L.}

Qlliver Truits [Chisa gurapas. var. Surrary| eated with 0, 1, 2
and 3 kidy of gamma irmdiation were dabittared in disiilled watar
for B days and slored in brine dar 12 months at mom lemgeraiure.
Talal dissohead and inorpanic dissalved sabds, Ma, K, Ca, eseciric
conduslivity (EC) and pH values were evaluated in washing
wastewater (daily). and in brina {afer § and 12 months). The
rasulls showed that gamma iradiation incraased the tafal and
norganic dissobsed solids, Ma and K in sashing wasiesaen, and
n brirg thraughout debittenng and shorage pediods, Also, gamma
irradiation had an elfect on EC and pH values of washing
wnstewatar and beine,

RE v=WORDS: Dabittering - Garvis-imadiation - Eina ol = Sio-
rage — Vlashing wala:

1. INTRODUCTION

Table ofives are currently the most important
termented fruit product in the Mediterranean basin.
Estimated world production for the 1994/1805
SEeasons is in excess of 900.000 lons (Anonymous,
1994).

Olive has bean known in Syria for a long time with
an average annual production for the Last ten years of
about 470 thousand toms (Annual Agricuttural
Statistical Abstract, 1999), Syria is one of the largest
five producer countries in the world, and it was the
fourth largest producer of labde alives in the workd in
1990 (IO0C, 1960 to 1990).

Table olves, can be defined as a product in which
proparation and preservation are camed oul by a
combination of lye treatments, salting and lermentabon
and/ or acidification, (Fernandez Diez, 1984).

Qilve industry faces major problems through
conributon o emdronmantal pollution with the wastes
produced duning the main processing steps such as e
treatment, washing and brining (Fernandaz Diez,
1581, Garride Fernandez, 1982, Fernandez Diez ef al,,
1285, Garcia et al., 1990),

The application of gamma irradiation to improve
fruits storability has been studied from the standpaint
of controlling certain physiological disorders as well
a3 reducing spoilage caused by microorganisms
(Al-Bachir, 1998, 1999a,b).

Irradiation with gamma rays, when used alone to
improve storability, may have atiected the firmness of
fruits {Al-Bachir, 1998). The softening in fruit maybe
attributad 1o the affect of iradiation on large pectin and
polysaccharides such as protopectin and ceflulose or
1o a change of insoluble pectic materials o soluble
lorms (Kertesz et al., 1964, Al- Bachir, 1988).

Litile work has been carried oul 10 siudy the
feasibility of employing gamma irradiation for the
preparation or preservation of table olives.

Therafore, the prasant study aims to investigate the
effect of gamma iradiation on chemical charactaristics
of washang water of table olive fruits, which are used as
indicators for debittering, and following the changes
in brine throughout storage period, Surrany vanety has
been used, because it's the major table olive vanaty in
Syria.

2. MATERIAL AND METHODS
Fruits of Surrany variety were harnvested in the

second week of Novembar 1997 from commearcial
orchards in |dieb (Morthern Syria). One Kg of fruits



ware iranslerred inlo paper bags, and were irradiated
on the second day of harvest, with 0, 1, 2 and 3 kGy
of gamma irradiation from a "Co source (dose rate
659 Gwhr). The absorbed dose was determined
using alcoholic chiorobenzen dosimeter (Cserep et
al., 1971). Each treatment had four replicates (1 Kg
fruits each). The iradiated and uniradiated olivas
were kept in polyeiwlens jars with distibed water (1L
water for 1 kg fruits). Water was changed daily up 1o
8 days ko debiltering. Then olives were placed in
bring, which consisted of 5.6 % w/v sodium chioride
and stored for 12 months at room temperature,

Four replicates (200 g each) were used 10
determine the fruit weight and flesh to stone ratic by
dividing the total weight to the total number of fruits.
Four replicates (1 Kg each) were used 1o determne
the oil content by grounding the fruits through 3 — 4
mm grinder plate, then extraction of oil by
cantrifugation at 4000 rpm for 20 minutes was
performed. Total and inorganic dissolved solids, Na, K
and Ca contents, pH and electric conductivity (EC)
values were determined in washing wastewater (B
washings) and in brine (after & and 12 months of
storage), According to the melhod of ADAC (1990),
25 g solution (washing walter or brina) were weighed
and dried for 6 hirs at 105 °C to determine the total
dissolved solids. The same samples were dried for 4
hrs at 550 “C to determine the inorganic dissolved
salids, Concentrations of Ma, K and Ca cations ware
determined by adding lithium chloride to the solution
using a Swiss flame photomater Model ATS 200
MEI, pH values of the solutions were estimated using
& pH meter (Hanna instruments HI 8521), and
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gleciric conductivity EC values were astimated using
tha TDS/ Conductivity meter (Syber scan 200},

Thie axparment consisted of four freatments i a
completely randomized design with four replicates.
The data were subjected to the analysis of vanance
(ANOWVA) using the super ANOWA computer package
(Abacus Concepts, Inc, Version 1.11 62091, A
separation test on treatment means was conducted
using Fisher's least significant difference PLSD at
the 95% confidence level,

3. RESULTS

Main characteristics of Surrany alive fruits used in
this study were; greenish- black, medivm- sized fruits
(1.8 £ 0,12 gfruit), and oil content of about (14,59 +
2.28%). The pulp accounted for (B0.36 + 1.39%) of
fruit weight and the endocarp for the remainder, The
ratio of flesh to stone ks 5:1.

3.1. Efifect of gamma irradiation on dissolved
solids in washing water and brine

Table | shows that all used doses of gamma-
iradiation (1, 2 and IKGy) significantly increased (p <
0.05) total dissohved solids in the washing waler on the
second, third, fourth and fifth days of washing. The total
dissohed solids produced from iradiated fruits, throughout
the washing period (B washings), were significantly higher
than those produced from uniradiated anes.

Data in Table | show that gamma irradiation ded
not affect fotal dissolved solids throuwghout the
storage period (B and 12 months),

Tabla |

Effect of gamma irradiation on tolal dissalved or

nic matter in washing water and brine of

olive fruits (g / kg fruits)

Wazting waler |dap) Bring
Treal
sl 2nd 3rd ath 5 ih B ih T Bih oisl Emonths 12 menths
GContral 042a O058a 0BSa 140m 1718 190ab 1898a 34lc  1225a 41458 @B15a
1 kGy D46a O7Eb  127b  196b 206b 1900b  108a 320k 1388bc 4262a TROLa
2 kBy 042a 0BEc 138b 198b 1960 1858  185a 2B9b 1327b  4263a TB2Ga
3 ky D52a 087d 1.53c  223c 206 1BBab 1858 317b  141Bc 4247a #053a

alugs within & column laliowed by tha samae leSaer ara nat significantly dftarer af the 35% conlidence level,

Table Il shows the effect of gamma iradiation on
morganic dissolved solids in washing water of olive
fruits through 8 washings, and in brine after 6 and 12
months of storage. These results revealed that
irradiation with 1, 2 and 3 kGy resulled in an
increased amount of inorganic dissolved solids in
washing water for the second, third and fourth
washing waler. Thara are no significant difierences in

inorganic dissolved solids between iradiated and
unirradiated for 1si, 5th and Gih washing water,
However, al the end of washing pericd, irradiation
decreased significantly the inorganic dissolved
matters (2 and 3 KGy for the 7 th washing and 1 and
2 KGy for the 8 th washing). The total release of
ingrganic dissolved solids produced from iradiated
fruits through the washing periods (B washing) was
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Table 11
Effect of gamma Irradiation on dissolved inorganic matter in washing waler and brine of
olive fruits (g / kg fruits)
Wasking waler |day) Brine
Treat,
Tst ind im 41h 51h fi th T &th betal  Gmonthe 12 monig
Corinal 03 a 02% BAT TH0 A 106 A 08%a 1.11¢ 1893 EETA AET2A  BAHDa
1 kGy 028a 0D30b 048b  105b 140a  @80a 108be  1BIb  BH1a  3IE1Ta  TdiTa
2 kiEy 024a 037c  058c  109b 1118  081a 08la 1728 682a 3Is2da Ta25a
3 kGEy 931a D490 072d 1.28c  107a 08Za 0858 195¢ 759b  3ITE9a  BEOGA

Waluas within a column followsd by tha sams lefier ara not sgnificantly diftarent ad the 95% contidence laval,

higher than those produced from unirradiated ones,
wilh only the 3 KGy treatment had a significant effect.
Throughouwt the storage peried (6 and 12 maonths),
the differences in inorganic dissolved solids in brine
batween irradiated and unirradiated treatments were
nat significant.

3.2, Efect of gamma irradialion on mineral
charges in washing water and brine

Table Il shows that sodium in washing waler of
irradiated fruits was significantly {P<0.05) highar
than that of unirradiated ones in the first and the
sacond wash lor fruils treated with 2 kGy, the
fourth wash for fruits with treated 1 kGy, and in the
sixth wash for fruits treated with 3 kGy compared
fo the control, After B washings the total sodium
content in washing water of irradiated fruits was
higher than those of the unirradiated ones, with
anly the 3 kGy treatment has a significant
difference. However, sodium content in the bring of
iradiated fruits with 2 k(zy were significantly higher
than those of uniradiated ones after & months of
storage. Whereas, there were no  significant
differences in calcium content in brine between

irradiated and wnirradiated fruits atter 12 months of
siorage.

As shown in Table IV, almost all used doses of
gamma irradiation signifcantly (P<0.05) increased
pofassium in the washing waler in the sacond and
fourth washing times, Whereas, only 1 and 3 KGy
increased signiicantly (P<0.05) potassium in the fiftin
and sixth washing times. Afler 8 washings the tolal
potassium in washng water of irradiated fruits was
significantly higher than those of unirradiated fruits,
Throughout 1he storage perod, the potassium
content in brine was significantly (P<0.05) higher in
the irradiated treatment with 3 kGy aftar & months of
storage, and with 1 kGy after 12 months of storage
than that the conirol,

Tabda V shows that gammea rradiation significantty
decreased (P=0.05) cakcium dissolution from frust in
washing water mara than the control at the first and
fourth and the total washing periods (8 washings).
However, calcium content in the brine of irradiated
fruits with 2 and 3 kGy were significantly higher than
those of unirradiated ones alter & months of storage.
Whereas, there ware no significant differences in
calcium content in brine batween Irradiated and
unirradiated fruits atter 12 months of slorage.

Table N
Effect of gamma lrradiation on sodium (Na) charge in washing water and brine of olive fruits (mag/ Kg fruits)

Washing watar (day] Brine
Treat,
182 2 Ird 4 &th &th Tth ith iotal Amanths 12 monihs
Caontral B2Ta Bse  13v3a ¥5195a 1582 a arihb 1810 B1gn &S11Ga A m T3 a
1 ey BE7Ea a&54a 1518a 18570 1924 dmb DB0aA T.2%a 8i55ab 4% ap 845 o
2 WGy B7ED 10.25d 1379a 165.8ab 1361 a 78a 080a G4Ea B4.G6%ab 430D 21 a
3wy B.26a 7630 16.00a 17458 1751a 106Fc 08la 83an BEETD 45 a0 G748

Waluas within a column followed by tha sama Ietier ara not sigrificantly’ ditferent at te $5% confidanca Iewel
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Tabla IV
Effect of gamma irradiation on potasium (K) charge in washing water and brine of olive fruitg/maf Ka froit=i

Washing walar [day) Brise
Treal
15t Znd k] 4th 5th Gth Th Eih total Emantha 12 manihs
Cangmol 85 a 10253 a 170 & 175 a 2858 1524 20 2P 1505 & 285 8 Faa
1y e 146.84 ¢ 17 a 224 b 265 b 205 b T 270 b 163t ¢ 262 B 41 b
2 Gy ar.tha 141 b 1¥3a bt | e 20 a 184 a 210 a 255 a 1583 0 253 a H4a
3wy 105 b 173d 187 a 245 d 297 b 205 b 2326 2rd 1707 d 428 b FHE ab

Walues wishin a columin folowed by Be same leibér are nol signiticantly dilfsnant at the 85% conlicencs lewel

Tabla W
Effect of gamma irradiation on calcium {Ca) charge in washing waler and brine of olive frults (mg/ Kg fruits)

Washing wale |day) ' Brine

1al i nd dm a1th Sih B Tth gth botal E&monihs 12 monifa

Control M4rc B¥MEa 1TEIa 115D 498 a 597 a 0fda D.o0a B33 o6 a Haa

1 klGy 2T45b B81Ta 15812 B33ab 4490 a BoEa 0fda 0Do0R TEITD a.0a 364 a
2 kiGy 2TA0bh GBATa 15Tia 4.08a 498 a COEa 0bda 0Do0a 7302D 5.6 25 e
3 kiGy 18.23a BB6Ta 1583a G.61a 458 a 1000 a 0.0 & 0f0a 6551a B5.0 b 25 &

Walues within o column folicwsd by tha sama letier arg not Ssgrificantly diflerenl a1 the 95% conlidence kel

3.3. Effect of gamma irradiation on pH and tended o increase it signiicantly [P<0.05) in

EC values of washing water and brine comparison with the control after 12 months of

siorage.

Table VI shows thal high doses of gamma Table VIl shows that gamma irradiation showed a
irradiation increased EC values at the first three trend of increasing pH value through the last four
washings. Whereas, the same doses tended to washing times.
decrease Ihe values at the last three washing times Although not significant, the high doses of
N comparigon wilh the control, _ gamma iradiation tended lo increase the pH

No significant differences were observed in the values throughout the storage period (6 and 12
EC of brine of iradiated and unirradiated fruits after manths).

6 months o storage. Whereas, 3 kGy treatment

Tabile VI
Effect of gamma irradialion on EC value in washing water and brine of olive fruits (ms/c)

Washing waler (day] Bring
Treat. ,
isl 2nd Imd 41th Eth ith Tth Eth Emanths 12 months
Caoringd 0490 b 0.40 & 0518 o7ia 0.6+ a D88 b 0.3% D 1.3 b B6.BQ a Er.Gia
1 ey D48 ab 0.45 ab 064 b 08T a 0.81 bo 0as b 0.850 137 b 5E3a ET.47 &
2 wly D44 a 0.48 b 0.67 b D68 A 0BED DB3a Odda 1.5 & £6.50 a ET. 10 a
3wy 053 e 057 e 0.7de 057Ta 0.84c DB3a J.86a 1.5 b 55.80 a £537b

aluas wihin a column folowad by the sama letier are not significantly different al the 98% conlidencs |l
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Tabda Vil
Etfect of gamma irradiation on pH value in washing water and brine of olive fruits
Wasking waler [day) Biring
Traal

181 ind ard A 0 (1] Tth B Gmonths 12 months
Coniral 57 b L Eida B0Z 5 4758 4T a 465 424 5 5.57 ab ET1a
1 kGy 571b 527a A28 a 4.92 4 4820 47Tab  48ib 436ab  5.%3a E81a
2 kGy 56548 532 a 5.5 a 4864 405D 4900 4850 441abh  A0Jab  580a
3 kQy 575¢ S a 248 482 a £.97 ab 4.8z ab 4840 4581b 617D 57a

Values within a column lallowed by e same kattar are nol signiicantly differant af 1ha B5% confdence el

4. DISCUSSION

Gamma irradiation al used doses (1, 2 and 3
KGy) increased total and inorganic dissoived solids,
{Na and K) in the washing wastewater and brina of
irradiated olive fruits. This increase might be due to
saveral factors, 1)- degradation of cell wall fiber
components (cellulose, legnin, hemicellulose, pectin,
etc... ) of frud skin, which may have increased is
parmeability. Tha evidence concerning the effect of
irradiation on ofive fruits is nol avallabbe in the
litgraiure, However, a loi of dala is raported on olher
fruits Wertesz &1 al (1964) suggesled thal boih
cellutose and pectin of apple fruits were dagraded by
gamma irradiation at the same threshold doses.
Muhamad {1990} found that irradiation with 1.0 and
1.5 KGy slowad down the reduction rate of alcohol
insoluble substances, hwdrochlornic acid soluble
pactn and the increment of water soluble peclin and
the hexamataphosphate scluble pectin in papaya
fruits. Xin-Zhi-Jiao {1583) reported that wunder the
elactron microscope, the cellulose in the cell walls of
apple fruits seamed to be reduced 1o a line when
treated with 0.4 kGy garnma radiation for 38 hr, and
disappeared completaly atter treatment with 1 kGy
Amour et al, (1983} found that cell wall
polysaccharides, particularly cellulose and pectin,
ware partially degraded when strawberry fruits wera
irradiated by 4 kGy. The effect of low doses of gamma
irgdiation was also observed by Drake et al., (1994)
om charries irradiated by 0.4 and 1.0 Ky, Miller and
McDonakd (1994) on apple iradiated with 0.3 kGy;
and by Al- Bachir (1999b) on apples iradated Dy
0.5, 1.0 and 1.5 kGy. 2} changing the slorage
components of frult from nonsoluble to soluble farms
Yasia ef al., (1987) reported that iradiation increased
hexametaphosphale soluble pectin (HMP).  3)-
increasing some  enzymatic activities that may
coniribute to the degradation of cell wall structure
components. Al-Bachir (1986) found that 1.0 KGy of
gamma Irradiation increased the aclivily of pectin
mathyl esterasa (PME) in apple and pear fruits.

Thase raported mformation on difierant fruits may
suggest that a similar effect could have happened in
olive fruits leading to increasing the organic and
imorganic dissohwed solids, (Na and K} in the washing
wastewater and brine. This increase of solids in
washing wastewaler and bring may have increased
the pH and EC values of those solutions.

5. CONCLUSION

Our results indicated that gamma irradiation
increasad degradation of the big molecules in olive
fruits, changed insoluble compongnts 1o soluble
forms and increased the permeability of Surrany
alive fruit cell walls. These changes may help the
dehittaring, suggesting that gamma iradiation coutd
be used as an alernative debiterring mathod.
However, this needs further investigation.
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