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Abstract

In Macedonia, sweet onion landrace ‘buchinska arshlama’ is
traditionally stored during winter period from October until April. The
objective of this research was to determine the content of reducing sugar and
total sugar in onion bulbs during storage period in a traditional way and in cold
rooms. Every month, samples were taken for chemical analysis. The results
were statistically processed and tested with t-test. The average reducing sugar
content in onion stored in a traditional way was 4.8%, while the average
reducing sugar content in onion stored in cold rooms was 4.6%. The average
total sugar content in onion stored in a traditional way was 6.0%, while the
average total sugar content in onion stored in a cold room was 5.6%. These
results showed that onion “buchinska arshlama’ can be successfully stored in a
traditional way until the beginning of February or longer in cold rooms.

Key words: onion, “buchinska arshlama’, storage, traditional way,
cold room

Agro-knowledge Journal, vol. 17, no. 1, 2016, 37-46

37



Introduction

Onion is a very important vegetable in the Republic of Macedonia and
worldwide since it is grown in 126 countries covering 2.3 million hectares
(Lawande, 2001).

According to scientific studies, from 1992 to 2002, world production of
onions increased by at least 25% (about 44 million tons) compared with the
period before 1992 (Griffiths et al., 2002). More recent data obtained from
FAOSTAT suggest that the production of onions from 2002 to 2011 was almost
doubled and amounted to about 85 million tons. Therefore, onion is the second
most important vegetable after tomato. In our country onion in the last ten years
is grown on an area of 3.529 ha, with a total production of 49.293 tones and an
average yield of 13.97 t/ha and has an increasing trend (Statistical Yearbook of
the Republic of Macedonia, 2010-2015). The importance of onion comes from
its nutritional value. Generally, onion contains: moisture (88.6 to 92.8%),
protein (from 0.9 to 1.6%), fat trace (0.2%), carbohydrates (from 5.2 to 9.0%),
and ash (0.6%) (Lawande, 2001). The biggest part (60-80%) of the dry matter
content of onion takes the non-structural carbohydrates (glucose, fructose,
sucrose and fructans) (Brewster, 2008). Sugar content during storage can be
affected by cultivar, storage temperature and post-harvest treatments showing
either a constant or a fluctuating pattern, hence the conflicting reports in
literature (Chope et al., 2007; Hansen, 1999). Also, sugar content could be
correlated with the other physiological factors such as dormancy break and
sprouting (Sharma & Lee, 2016). According to Sharma et al. (2015) there are
two types of sugar content behavior. According to the first one, the
concentration of sugar changes with storage time following a regular pattern
such as a monotonous increase, decrease, or a stable behavior. Another type of
behavior consists in strong fluctuations of sugar content, with the amplitude and
period of fluctuations showing no regular pattern.

The research was done in order to determine the reducing and total
sugar content and their pattern during storage of "buchinska arshlama™ onion in
a traditional way and in cold area from October until April.

Material and Methods
In order to achieve the main objective, the local landrace "buchinska
arshlama™ grown in the village Vogjani in Pelagonia region was chosen as

material. This type of onion was stored outdoors in the yard of the farmer Igor
Veljanoski and in cold rooms of the company ,,Altra®“- Gevgelija.
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The temperature in a cold room was maintained from 0 °C to 2 °C and
the relative humidity was from 90% to 95% during storage period. This
experiment was repeated for three consecutive years (2010-2011, 2011-2012
and 2012-2013), with storage period from October to April with two weeks of
shelf life at a temperature of 14 to 16°C for onion bulbs that were stored in a
cold room. The chemical analyses were done in the Centre for Public Health in
Veles, R. Macedonia. Every month, samples of sound and intact bulbs were
taken from storage, kept in a traditional way and in a cold room. The analyses
were done according to methods from "Rulebook for carrying out a method for
chemical and physical analysis due to quality control of fruit and vegetable
products™ published in the Official Gazette of the SFRY no. 29/83. Reducing
and total sugar content were measured according to the method of Luff-Schoorl
(Vracar, 2001).

This volumetric method is based on the ability of reducing sugar to
convert copper (I) sulphate from Luff-Schoorl's solution in copper (1) oxide.
Any unused copper (I1) ions are titrated with sodium thiosulphate in order to
determine sugar. Sucrose must be previously converted or hydrolysed to
reducing monosaccharides with acid and then it can be determined by Luff-
Schoorl's solution. Thus it can be calculated the total sugar content in the
sample.

The statistics of the data obtained during the survey were done with
statistical program SPSS for Windows 13.0. The analyzed parameters are
displayed with descriptive statistics or mean values and standard deviation
(SD). In order to test the significance of differences between the analyzed
parameters, the Analysis of Variance and Student’s t-test were used. For a
certain level of significance, a value of p < 0.05 was taken; however, a value of
p < 0.01 was taken for a high significance.

Results and Discussion

The percentages of reducing sugar for onion bulbs that were stored in
the traditional way over the course of the three examined years are shown in
Table 1. In 2010/2011 the average reducing sugar content was 4.692 + 0.49%,
in 2011/2012 it was 4.82 + 0.49%, and in 2012/2013 the average content of
reducing sugar was 5.02 + 0.49%. The differences concerning the average
values of reducing sugar in 2010/2011, 2011/2012 and 2012/2013 were
statistically insignificant (p = 0.42). The year of storage didn't have significant
influence on the reducing sugar content in onion bulbs.
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The average content of reducing sugar in the onion bulbs that were
stored in a cold room, in 2010/2011, 2011/2012 and 2012/2013, was
statistically different in terms of the level of p = 0.017.

Tab. 1. Reducing sugar content in onion bulbs stored in the traditional way %
Caopoicaj pedyryjyhux wehiepa y iykosuyama ckraduwimenum mpaouyuonatto (%)

Period of measurement

. ) 2010/2011 2011/2012 2012/2013
Bpujeme mjeperva
Harvest / ocemsa 4.65 5.05 4.75
October /okmobap 4.40 4.30 4.43
November / nosembap 4.95 5.00 5.67
December / oeyembap 4.31 5.10 5.78
January / janyap 3.86 5.30 5.15
February / gpebpyap 5.42 3.86 5.05
March / mapm 5.10 5.10 4.65
April / anpun 4.85 4.85 4.68
Mean/cpedrea + SD 4.69+0.49 4.82+0.49 5.02+0.49
2010/11 - 2011/12 - 2012/13 Analysis of Variance/ Ananusza sapujance F =0.9; p = 0.42

Tab. 2. Reducing sugar content in onion bulbs that were stored in a cold room in %
Cadpoicaj pedyxyjyliux wehiepa y rykosuyama ckraouumenum y xiaonoj komopu (%6)

Period of measurement 2010/2011 2011/2012 2012/2013
Bpujeme mjeperva
Harvest / occemea 4.65 5.05 4.68
October /okmobap 4.40 4.30 4.43
November / nosembap 4.60 4.70 4.85
December / oeyembap 4.00 4.85 4.78
January / janyap 3.80 5.00 4.85
February / pe6pyap 4.48 4.06 4.80
March / mapm 5.05 4.85 4.65
April / anpun 4.01 4.48 5.72
Shelf life 2 weeks on 14-16°C
Ha pagposuma 2 ceomuye na 14-16°C 3.80 4.20 515
Mean/srednja + SD 4.31+0.43 4.61+0.36 4.88 + 0.37
Analysis of Variance/ Anamza sapujance F =4.81 p=0.017*
2010/2011 - 2011/2012 p=0.25
2010711 - 2011/12 - 2002113 | 54109011 - 2012/2013 E: 0.013*
2011/2012 - 2012/2013 p =0.32

In 2010/2011, the average reducing sugar content was 4.31 + 0.43%,
which was slightly lower than the average reducing sugar content in 2011/2012
of 4.61 + 0.36% (p = 0.25) and significantly lower than the average content of
reducing sugars in 2012/2013 of 4.88 + 0.37% (p = 0.013).
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Statistically insignificant difference in the average content of reducing
sugar was found in the onion bulbs that were stored in cold rooms in 2011/2012
and 2012/2013 (p = 0.32) (Table 2). The average values for reducing sugar
content were insignificantly different concerning the traditional way of storage
and storage in cold rooms for the three analyzed years (p =0.23, p=0.33 and p
=0.51) (Table 3).

Tab. 3. Tested differences in average values of reducing sugar content in onion
bulbs that were stored in a traditional way and in cold rooms
Paznuxe y npocjeunoj epujednocmu cadpoicaja peoykyjyhiux wefiepa y aykosuyama
CKAAOULUMEHUM HA mpa()uuu()szaH HA4UuH uyx/zaanww Komopama

Storage period Traditional storage | Cold room storage t-test p — value
Cronaouuimerse Tpaouyuonanuo Xnaoue xomope t-mecm p-
Mean/cpeomwe £ SD Mean/cpeomwe £ SD epujeonocm
2010/2011 4.692 + 0.49 4.31+0.43 1.21 0.23
2011/2012 4.82 +0.49 4.61 +0.36 1.015 0.33
2012/2013 5.02+0.49 4.88 + 0.37 0.67 0.51

Karmarkar & Joshi (1941) cited by Kukanoor (2005), I1i¢ et al. (2009)
and Benkeblia et al. (2005) found that reducing sugar content increased during
storage at low temperatures, while Kukanoor (2005) found the opposite. In our
studies the content of reducing sugar during storage in a traditional way and in
a cold room didn’t show constant pattern neither increasing nor decreasing. The
initial and final value of reducing sugar content in the traditional way of storage
negligibly increased in 2010/2011 and slightly decreased in 2011/2012 and
2012/2013, whereas in the cold room conditions in 2010/2011 and 2011/2012
the content of reducing sugar was slightly decreasing while in 2012/2013 it was
increasing. Reducing sugar content in our research showed amplitude and
periods of fluctuations having no regular pattern. According to Sharma et al.
(2015) this behavior can hardly be attributed to a known physiological process
and suggests the existence of unrecognized, non-controlled but important
influencing factors. It can be a function of temperature as in the study of Hurst
et al. (1985), the sugar percentage monotonously decreased with time at 1°C
but fluctuated at 4°C and 21°C.

Generally the total sugar content in onion bulbs is from 5.2 to 9.0%
(Lawande, 2001). According to Simonov (1980), the total sugar content was
5.1% in “buchinska arshlama’. In our studies the average content of total sugar
in onion bulbs of “buchinska arshlama™ that were traditionally stored in
2010/2011 was 6.015 + 1.07%, in 2011/2012 was 5.89 £ 0.67%, and in
2012/2013 the average total sugar content was 6.05 + 0.74%. The differences in
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the average values of total sugar content were insignificant in the three-year

research (Table 4).

The average value of total sugar content in onion bulbs that were stored
in cold rooms in 2010/2011 amounted to 5.86 + 0.99%, in 2011/2012 it was
5.53 £ 0.7%, and in 2012/2013 it was 5.52 * 0.6%.

The differences in the average values of the total sugar content in onion
bulbs that were stored in cold rooms were statistically insignificant during the
three years of research (p = 0.6) (Table 5).

Tab. 4. Total sugar content in onion bulbs that were stored in the traditional way in %
Caoporcaj ykynnux wiehepa y nykosuyama ckraouuimernum mpaouyuonanno (%)

Period of measurement 2010/2011 2011/2012 2012/2013
Bpujeme mjepera

Harvest / occemesa 6.59 6.78 6.68
October /Jokmo6ap 6.50 6.20 6.17
November / nosembap 6.00 6.08 6.78
December / deyembap 5.17 5.60 6.27
January / janyap 4.40 6.00 6.46
February / ghebpyap 7.68 4.59 6.27
March / mapm 6.70 5.49 4.90
April / anpun 5.08 6.38 4.90
Mean/srednja £ SD 6.015 £ 1.07 5.89 + 0.67 6.05+0.74
2010/11 - 2011/12 — 2012/13 Analysis of Variance/ Anamza sapujance F=0.08 p=0.92

Tab. 5. Total sugar content in onion bulbs that were stored in cold room in %
Caoparcaj yrynnux wekiepa y aykosuyama ckraduwmenum y xaiaonoj komopu (%)

Period of measurement 2010/2011 2011/2012 2012/2013
Bpujeme mjeperva

Harvest / orcemsa 6.59 6.78 6.68
October /okmobap 6.50 6.20 6.17
November / nosembap 5.10 5.59 5.17
December / oeyembap 4.37 5.30 5.07
January / janyap 4.88 5.60 5.17
February / ¢hebpyap 6.47 4.78 5.07
March / mapm 7.47 5.17 4.90
April [ anpun 5.98 5.88 5.88
Shelf life 2 weeks on 14-16°C
Ha paghosuma 2 ceomuye na 14-16°C 5.35 4.50 5.58
Mean + SD 5.86 £ 0.99 5.53+0.70 5.52 £ 0.61
2010/11 - 2011/12 — 2012/13 Analysis of Variance/ Anamza sapujance F =0.53 p=0.6
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In all three analyzed years insignificant differences in the average total
sugar content were registered depending on the method of storage of onion
bulbs, either the traditional way or in a cold room (Table 6).

According to Kukanoor (2005) the percentage of total sugar content
increased with the increase of the storage period while in our research it didn't.

In contrast, Ili¢ et al. (2009) found that depending on the variety, the
total sugar content slightly decreased in long-term storage (depending on
storage temperature).

Tab. 6. Tested differences in the average values of total sugar content in onion
bulbs that were stored in the traditional way and in a cold room
Pasznuxe y npocjeunoj epujeonocmu caopocaja ykynnux wehepa y a1ykosuyama
CKAOUMenuUM Ha mpaduuuonaﬂaﬁ Ha4un u'y XAAOHUM Komopama

Storage period Traditional storage | Cold room storage t-test p — value
Cronaouuimerse Tpaouyuonanuo Xnaoue xomope t-mecm p-
Mean/cpeomwe £ SD Mean/cpeomwe £ SD epujeonocm
2010/2011 6.015 + 1.07 5.86 + 0.99 1.11 0.27
2011/2012 5.89 + 0.67 553+0.7 1.07 0.30
2012/2013 6.05+0.74 552+ 0.6 1.63 0.12

This was confirmed in our research if we take into account the value of
total sugar content at the beginning and at the end of storage. A more recent
study (Petropoulos et al., 2016) showed that total sugar content increased
during storage for all the genotypes at 5 °C, apart from ‘Sivan F1° where after
an initial increase, sugar content decreased significantly. At 25 °C, total sugar
content either increased (‘Sivan F1°, “Vatikiotiko’ and ‘Creamgold’) or slightly
decreased (‘Red Cross F1°). It was concluded that sugar composition was
affected by genotype and storage temperature with no specific trends to be
observed.

Conclusion

Based on the three-year research for storing the onion “buchinska
arshlama’ in a traditional way and in a cold room, the following conclusions
can be specified:

— The average values for reducing and total sugar content did not differ
significantly between the traditional way of storing and storing in a cold
room over the three analyzed years.

— Having in mind the losses of weigh, sprouting and rotting which were
previously published (Bogevska Z. et al., 2014) and the changes of
chemical composition in onion bulbs of “buchinska arshlama’ it can be
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concluded that this onion landrace can be successfully stored traditionally
from October to early February and then in controlled conditions (cold
room) until April or longer.
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Canpxaj penykyjyhux u ykynHux mehepa y IpBeHOM JTyKY
TOKOM CKJIaquInTema y Permyomuim Makenonuju

3Be3na Boresckal, Pykue Arua?, l'opnana [Morncumonoal,
Maprapura JlaButkoscka®, Urop Misosckn®

Y lomonpuspeono-npexpambenu gpaxyrmem Cronsmwe,
Yuueepsumem Ce. Kupun u Memoouj, Penybauxa Maxedonuja

Caxerak

Y MakenoHuju, JOKajdHA IoMmyjaluja LpBeHor Jyka ‘buchinska
arshlama’ ce TpaIUIIMOHAIIHO CKJIAJMIITH TOKOM 3UMCKOT IIEPUO/a 01 OKTOOpa
no anpwna. use oBor pama je 6wno oapehuBame caapkaja peaykyjyhux u
YKyIHUX Inehepa y JykoBHIaMa [PBEHOT JIyKa TOKOM IEepHOJa CKIIaIUIITeHa
Ha TpaJUIMOHAIHU HAYMH M Yy XJaJHUM KoMopama. CBakor mjecerna, y3uMaHH
Cy y30pLIM 3a XeMHjCKy aHanu3y. Pesynratu cy cratucTuyku oOpaheHu mpu
yeMmy je 3a Tecthpama kopuiureH t-tect. Ilpocjedan caapxkaj peaykyjyhux
miehepa y HPBEHOM JIYKY KOjH je CKJIAJMINTEH HA TPAAMLIUOHATHA HAYHH je
nu3Hocuo 4,8%, nok je mpocjedaH caapxkaj penykyjyhux mehepa y mpBeHOM
JYKYy KOjU je CKJIQJUINTCH y XJaJHUM Komopama u3Hocuo 4,6%. Ilpocjeuan
campxaj YKymHuX Inehepa y LPBEHOM JIyKy KOjU je CKIAQIMIITEH Ha
TpaIuMIIMOHATHM HauMH je wu3Hocwo 6,0%, 1ok je mpocjeuaH caapxkaj
penykyjyhux mehepa y LpBEeHOM JIyKy KOjU je CKIQAMIITEH Yy XJIAJAHUM
KoMopama u3Hocuo 5,6%. Pesynratu cy mokazanu ga ce JoKajiHa MomyJsalmja
upBeHor jyka buchinska arshlama™ moxe ycmjemHo CKIAQAMIITATH Ha
TpaAWIOHATaH HA4WH, J0 moverka Qedpyapa, WM y XJIaTHHM KOMOpama y
JIy’KEeM TIePUO/TY.

Kmwyune pujeuu: upsenu ayk, buchinska arshlama’, ckimagumrremse,
XJIaJiHa KOMOpa
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