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Effects of some postharvest essential oil applications on the fruit quality of tomato
(Solanum lycopersicum) during cold storage

Ahu CEYLAN!, Halime OZDAMAR UNLU"

Abstract

The effects of post-harvest rosemary and sage essential oils (EO) (0, 300, 600, 900 ppm) on the storage period and fruit quality
of ‘Sentino F’ tomatoes were investigated. Tomato fruits were stored at 5 °C and 90-95% relative humidity (RH)) and at +20 °C
and 60-65% RH for 30 days. Physical and biochemical analyzes were performed every 5 days during cold storage and at the end
of the 2-day shelf life of the samples removed from the cold storage. In conclusion, it was determined that all application groups
of sage and rosemary EOs were more effective in maintaining the quality of tomato fruits compared to the control application.
The most effective application of sage EO was determined as 600 ppm and 900 ppm doses.

Keywords: tomato; storage; shelf-life; essential oil; quality.

Practical Application: Essential oils may be a good alternative to post-harvest chemical applications.

1 Introduction

The total world production of tomatoes, which is one of the
most widely grown herbal products in the world, is 186.821.216 tons.
China is the country that produces the most tomatoes in the
world (64.865.807 tons), followed by India (20.573.000 tons) and
Tiirkiye (13.204.015 tons) respectively (Food and Agriculture
Organization of the United Nations, 2022). Tomato is a vegetable
with high contents of phytochemicals (lycopene, p-carotene,
polyphenol, and quercetin), Vitamin C, Vitamin E, and high
antioxidant capacity (Pinheiro et al., 2013). It has been determined
that the 821.296 tons of vegetables produced in our country
have been lost during the production period, and 3.072.836 tons
have suffered other losses during many different processes after
harvest (losses during harvest, transportation, etc.). Among these
loss amounts, there are 1.633.465 tons of other losses of tomato
(losses during harvest, transportation, etc.) and 462.141 tons of
production loss (Tiirkiye Statistical Institute, 2022).

In the last decade, consumers have shown an increasing
interest in natural fruit and vegetable consumption (Pinheiro etal.,
2012). In addition, consumers prefer to buy vegetables and
fruits that are not processed with pesticides, free from defects
and diseases, and suitable for consumption. On the other hand,
importing countries apply strict import regulations regarding
maximum residue limits in the edible parts of fruits and vegetables
(Njombolwana et al., 2013). Chemicals are generally not ideal
for reducing the external, internal quality and weight losses
that occur after the harvest of the products (Zhang et al., 2022).
In this direction, tendencies towards alternative methods to
post-harvest chemical applications have increased in the fresh
fruit and vegetable sector. Among these alternative methods;
controlled and modified atmosphere storage (Falagan & Terry,

2018), biological control agents (Janisiewicz et al., 2001)
carbonate, bicarbonate (Palou et al., 2002a) and use of food
preservatives such as potassium sorbate (Palou et al., 2002b),
ozone application (Palou et al., 2003), heat treatments (Fallik
& 1Ili¢, 2018), methyl jasmonate (Tzortzakis, 2007), salicylic
acid (Yao & Tian, 2005), UV-C radiation (Simone et al., 2020),
microwave oven (Karabulut & Baykal, 2002), chitosan (Bautista-
Barios et al., 2006) and essential oils (Gonzélez-Estrada et al.,
2019) can be counted.

The search for natural additives such as essential oils is
increasing (Schuh et al., 2022). In particular, essential oils (EOs)
produced from miscellaneous aromatic plants such as rosemary,
sage, bay leaf, lemongrass, cinnamon, and thyme have been accepted
as suitable antimicrobial agents by many researchers because of
their antibacterial effects against food-related pathogen bacteria
and spoilage. Additionally, the tendency to EOs, the alternative
to synthetic additives and generally accepted as safe (GRAS)
substances by the Food and Drug Administration is increasing
(Gahruie et al.,, 2017). EOs are a combination of nonvolatile
and volatile natural compounds which have antimicrobial and
antioxidant properties (Bakkali et al., 2008). Many investigations
have been made by many researchers on the chemical contents
(Shin et al., 2022), antimicrobial (Chikhoune et al., 2013) and
antifungal properties (Almeida et al., 2022) of different Eos.
The EOs are approved as antimicrobial agents against several
pathogenic and spoilage microorganisms involved in foodborne
diseases (Aydogdu et al., 2020).

The postharvest use of chemicals to prevent diseases
in vegetables and fruits has become an important problem
because of the residue risk and negative effects on human
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health. The postharvest use of EOs, obtained from various
plants and consisting of natural ingredients have becamed an
alternative to chemicals because of their antimicrobial and
antibacterial effects.

EOs’ positive effects on the postharvest quality of horticultural
crops have been approved with many research conducted in recent
years. They are seen as eco-friendly, intelligent, and sustainable
alternatives materials (Moreira et al., 2022). The application of
EOs for decay control and postharvest quality in fresh crops
is considered a safe practice and hence there is no regulatory
problem (Sivakumar & Bautista-Banos, 2014).

In this study, it was aimed to determine the effects of
postharvest application of three different doses of rosemary and
sage EOs, which can replace the chemicals that have negative
effects on the human health and environment, on the quality
of tomato fruits in the cold storage and subsequent shelf-life
conditions.

2 Materials and methods

In this study, ‘Sentino F, tomato variety, which was harvested
during the red ripening period, was used. The average fruit
weight of this variety varies between 20 and 25 grams. The fruit
is bright red and round cherry-shaped. Healthy homogeneous
tomato fruits without any crushing or puncture damage were
selected. Rosemary (Rosmarinus officinalis) and sage (Salvia
officinalis) EOs were used in the study. 0 (control), 300, 600,
and 900 ppm doses of these EOs were applied to the fruits as
dipping for 30 minutes before storage. After the application,
the dipping solution on the tomato fruits was drained, and
the fruits were dried and placed into the cold storage with
polyethylene crates. The study was set up in a randomized
plot design with 3 replications and 10 clusters of fruit in
each replication. Storage was carried out at +5 °C and 90-
95% relative humidity for 30 days. Analyzes were performed
at 5 days intervals during cold storage (at 0", 5%, 10%, 15%,
20™, 25" and 30™ days) and subsequent shelf-life conditions.
For the shelf life evaluations, the samples were taken out of
the cold storage at the end of every analyzing period (5%, 10",
15", 20%, 25", and 30" days) and were stored at +20 °C and
60-65% relative humidity for 2 days. At the beginning of the
storage, 30 fruits were reserved only for the weight loss and
color measurement. Tomato fruits were separated into 7 groups,
labeled, weighed, and their color was measured. Weight loss
and color measurement were performed in the same samples
during storage. The weight loss (WL) (Dilmagiinal, 2020),
peel color (Dilmagiinal, 2020), firmness (Agar et al., 1997),
titratable acidity (TA) and pH (Cemeroglu, 2007), soluble
solid content (SSC), decay amount, ascorbic acid (Vitamin C)
content (Ozdemir & Diindar, 1998), total phenolic substance
amount (Coseteng & Lee, 1987), lycopene amount (Nagata &
Yamashita, 1992), B-carotene amount and sensorial evaluations
(calyx rupture and desiccation, external appearance, taste, and
flavor) (Dilmagiinal, 2020) were performed during the cold
storage and subsequent shelf-life period.

3 Results and discussion
3.1 Weight loss

As a result of the study, it was revealed that all doses of
sage and rosemary EOs reduced the weight loss in tomatoes
during storage as compared to the control (Table 1). According
to the average values the highest value was in the control group
in the cold storage (CS) (3.06%) and shelf life (SL) conditions
(3.75%) and the lowest weight loss (2.06%) was in the 300 ppm
dose of rosemary EO in cold storage and 900 ppm dose of
sage EO (2.63%) in the shelf-life conditions. Some researchers
also reported reduced weight losses in the investigations on
the effects of some EOs in some fruit and vegetable species
in line with our findings (Martinez-Romero et al., 2003; Oz
& Ulukanli, 2012).

3.2 Fruit peel color (L, C*, h°)

300 ppm dose of sage EO was better than the other doses
in terms of preserving the brightness of the fruit. The rate of
decrease in L* value during the shelf life (30 + 2 days) was the
highest at 900 ppm dose of rosemary EO (7.71%) but it was the
lowest at 300 ppm dose of sage EO (4.90%). It was found that a
dose of 300 ppm of sage essential oil was more successful than
the others in terms of preserving the fruit brightness throughout
the shelf life. Our results show that the brightness of the peel
colors of the fruits decreases during storage and the peels of
tomato fruits become dull compared to the beginning. Goksel
(2011) reported the lowest brightness reduction in carvacrol
treated cherry cultivars in a postharvest investigation on the
effects of EO components of carvacrol and thujone during
storage at 1.5 £ 0.5 °C temperature and 85-90% relative humidity
conditions. Oz & Ulukanli (2012) stated that 600 ppm black
cumin oil was effective in maintaining the L* value as a result
of 12 days of storage in pomegranate fruits at 4 °C.

The decrease in the C* value during the storage was the
highest (11.23%) in the 600 ppm rosemary EO and the lowest
(9.59%) in the 900 ppm sage EO. The most decrease in the C*
value during the shelf life (30 + 2 days) was obtained from
the 600 ppm rosemary EO (4.83%) but the lowest value was
observed from the control sample (12.18%). Goksel (2011)
stored 3 different cherry varieties under 1.5 + 0.5 °C temperature
and 85-90% relative humidity conditions with thujone and
carvacrol by putting in the package and determined that the
best application that maintain the C* value was carvacrol.
Our results showed that the tomatoes stored in the cold storage
are more viable than the tomatoes in shelf-life conditions, but
a decrease was determined in C* values with the increase of
storage time in both conditions.

The rate of increase in h° value during cold storage was
the highest in the control (15.74%), and the lowest (9.54%) in
the 900 ppm sage EO. Considering these values, it has been
determined that the most effective application in maintaining the
he value is 900 ppm of sage EO. The increase in h° value during
the shelf life (30 + 2 days) occurred the most in the control
(14.98%) and the least (5.84%) in the 900 ppm application of
rosemary EO. Considering these values, it has been determined

Food Sci. Technol, Campinas, 43, e110522, 2023



i

Ozdamar Unl

>

Ceylan

“weauI 1] J[AYS (TS ‘Ueaur a§eIols prod :NSD ‘(3591 AST) S0°0 = d e Apuesyrudis 1oyIp 10U Op (SUWN[OD ) UTYILM) 12139] [e3rded pue (SMOI 31 UTYIIM) 1))3] [[ews dures 3y} £q PamMO[[OJ (€ = U) SUBITA] :JON

VyT8y V9IS VEI8y deTer dvorsy deTey Od¥ror ODd798%F DO86'Sh dAD9TLY dADECOSy ATy A0y aeLsy BN
0dvV6e99F OS89 ool VL (LY 6h el UL 8F Lp aSL'8Y W9 pel6°SF LL LY 8L (8067 p68'SH 007 paS8TY 86'ch wdd 06 Arewrasoy
Od 1€'9F DLTLY 2q06'LF 3:68'05 €T 6F L9'6Y oIS 4969 89°LY -IT8 pab TP IELY pabL TV 4S09F a6’ EY wC0'SH wdd 009 Arewasoy
aversy  0d0LLy «P6h elL'TS a88'LY (P8 «qSS'8F #LETS pel9'LY :S6'L¥ pelF LY Wl Ty pa TFF “0T'9% paCS Ty 099 wdd go¢ Areuwrasoy
od0oToy O eELLy p+08'SY l6'8F 2q:90°0% (-C8'LY 2q:95'8% «ST6Y 0TS -ST'8F qeC8'LY 4619 P98 €Y (50€'Sh pECEY WSV wdd 096 23eS
D8TSy odTsy 66’97 37805 88'LY (67’8 peSY LY [Eaviz p9E'SH =LV8Y »8TTY 0V L pal ST -1S9F pCV'EY w60'SY wdd gp9 a8eg
04 159 q98'8% sl 1'8F sab LTS a0 67 34€8°0S pe0ELF wal L6V p0F ST (T LY pe66'SH (8E9F peC6'Sh -10°8% wOF €P 1697 wdd gpg a3eg
YV 0£'8Y V9SS SVTS o85S 6L6Y 286'1S @SS 67 w61FS @087 peL€TS w8 490°0S +80'9F 9T'8Y il LT LTV [onyuo)
(or8ue any)) Y 10[0D) [294
q85FC q€T6C 4a1€sc  4d 0667 aswse assoe 08597 OLLIE  dVPOST  Od¥ETE LT av LT Ve6rst qv shee UBIN
9L'9T aLsos wp€SFT w6'8C wp€9'ST wS0'6T wOLVT wl€'8T oL T'LT wpl60E 68T 166'TE 1+88'LT HPETE p6€'8T 3+8€°TE wdd 006 Arewasoy
9L'9¢ anyote w9VFT ws8L'6T wiCE'ST w9L'8T ws86FT wi V6T 10°LT CCTE £16T wCI'TE 301L°LT 306€°TE @CL'8T 5.65°€E wdd 09 Arewasoy
L89C ol:4N ] wiLVT wiLT°0€ w9T'ST w6T'8T w:88'ST (PP TE wibh'9C H9LTE 5:0L'LT wsS0'0€ +0F'LT 3oLVTE >a6S'8T @l8'€E wdd gp¢ Lrewasoy
(474 asyos wS6'€T wi0E'6C wibG'ST wnl8'8T walT9T w308'6C ws8F'ST wp880E 3L LT +al9'TE 1+68'9C 6L TE 108°LT 5.1TE wdd go6 28es
679C qv L8T1¢ w9EHT w368'6T wnSHHT w368'6T wsF8'ST w36L 6T wilL'9C 39CETE +9€'LT sa8L'€E 1+C8'9C a€6'EE sa0S'8C p0SEE wdd g9 28es
9L9T Oq18T¢ wHT'ST w9E0E ws€6'ST ws0L'6T wpb9'ST wiFT0E H9€'LT S6'TE 1+08'LT 3€€TE $vCLLT a9TFE 8T'6T aS6'€E wdd gog 28es
LT9T VH9°TE w8LYT wp880E ws00'ST wsS0'0€ wi98FC peCTEE ws[6'ST pr9EEE 6S'LT p0F'€E +SS'LT 2€0°€€ 0T8T 9GHE [onuo)
(ewo1yD) O 10[0D) 1994
q8T'9¢ qL5°9¢ aseLe aigLe acyLe ao Loge D008¢ 04658 Dd9r8E  AVAVSI6E AV LSS VLIT6E V06 V¥L6E uedy
V96'L¢ vV 99'8¢ 1+86'GE wET'9¢ wILE wibLLE F0LE wdbSLE G I78E GSE6E 2:06'8€ 2SL6E peS6'8E WSHOF >66'8€ 2:99'6€ wdd o6 Arewasoy
VIT8e V098¢ wI99€ wi08'9€ 1SLLE wol6'LE HSELE wp99'LE ISLE wiF9LE bL'8E 2469'6€ «€T6E «CT 0P 656€ €T 0P wdd 909 Arewasoy
qv €8¢ v 1F'8¢ WIT9¢ wy89'9€ 1a€S'LE w€08E 1IS'LE wdbGLE F6'LE we[T8E GeLTYE 5.1S°6€ wIP8E +:90°6€ 2406'8€ 286 wdd ¢ Arewasoy
V16LE VAYAS 190°9¢ wi18'9€ 1a0F'LE woCE'8E 140S'LE w86'LE G SEBE 48T6¢ $67'8¢ CT'6€ 3:09'8¢ 7465°6€ >a86'8€ p+86'6E wdd go6 23es
VOr'8e VAYAS 1H61°9€ wilT9E WELLE E6'8E 1+4S0'8E wi€T'8E 19L'8E 201 L'6€ 05'8¢ (+80°6€ G Th8E A >a€0'6€ 007 wdd g9 28es
qvogLe vV 9ese 10°LE wsCT'LE L 0°LE wB1'8E 110S'LE 1678 w08LE w€6'LE W l€8€ 1S 6€ $6€8E wCL8E piS6'8E T 6€ wdd gog 28es
qa8¢Le qsLLe 68'5€ w60'9E 138L°9€ wi0E'LE 100°LE wibT'LE STLE wqCT'8E 1+86'LE weBE'8E +00'8E w@06E  +CL8E vl '6€ [onuo)
(ssauysr7) T 10[0D [22d
V L59 V5 q89% qLE¥ 08¢¢ D68T aose aovt qEH'T q80°T d81T 40L0 D650 D0 uedy
vsLe o) d #99 467G #9F 95F 366 7T wSHT ial 8L 0CT W8P w90 w090 0 wdd gp6 Lrewasoy
ansLe aore 659 $65°S #69F FTH 9TE w€9'T w€1'T FTT €T 180 w9L0 w650 w670 0 wdd (9 Arewasoy
wddwddwdd
AA 99T 790C 859 pIFS 66° 99°¢ 8T¢ 08T wn99'C £TT sC0'T 80 wP90 €90 950 A0 wdd go¢ Arewasoy
q€9T asre 609 20€°S #S9F SFEY ¥10°€ w09'T wb'T @TsT 90T L80 wlL0 70 6€0 0 wdd 006 28es
D18T asre FE9 20°S SHF Esad wIb'e wl9T W6LT baLET T 960 JITT LSO 070 0 wdd o9 28eg
qere q1€T aL€9 2SS #99F 58EF W€ 98T (1T W1 8T 560'T bl £8°0 w890 0 wdd gog 28es
vsLe YV 90€ W8EL 179 $59°S S2LO'S F8F 86°€ W0L'E 90°¢ €61 oSLT 8L 8T w10 0 [onuo)
WIS SO c+0¢ 0¢ T+4C 14 °+0¢C 0¢ c+qSl <l ¢+0I oI c+g S c+0 0
(%) $SOT IYBoM
(she) potiag a3e10)g

*9J1] J[oys pue 25e103s p[od INoYSNoIy) SINIJ 0JeWO) JO SANQLINE ([ D ,T) J0[0d pue ssof Jydrom 2y} uo suoneosrjdde [10 [enuasss jsoareyisod awos Jo s1O3PH T d[qeL

Food Sci. Technol, Campinas, 43, 110522, 2023



Postharvest essential oils applications in tomato

that the most effective application in maintaining the h°® value is
900 ppm of rosemary EO in shelflife conditions. Similar findings
with the h° values obtained under the shelf life conditions of
this study were also obtained from the studies carried out on
the shelf life of tomato fruits at 20 °C for 20 days (Ali et al.,
2010) and at 21 °C for 15 days (Chen et al., 2019). Moreover,
similar results were also obtained in the strawberries stored
at 2 °C for 18 days (Shehata et al., 2020).

3.3 Fruit firmness

It was determined that 300 ppm dose of sage EO (9.84 N)
was the most effective application in preserving the fruit firmness
at the end of the cold storage period. While the decrease in
firmness from the harvest was 26.40% in tomatoes treated with
900 ppm dose of sage EO, a 50.09% decrease was recorded
in fruits with 300 ppm dose of rosemary. The most effective
application in preserving the fruit firmness under the shelf
life conditions was 600 ppm of sage EO (12.30 N). The lowest
firmness compared to the initial value was obtained from
600 ppm rosemary EO with a decrease of 57.64%. The fruit
firmness of nectarine fruits, in which 1% and 2% doses of Aloe
vera were applied, was even lower than the control at the end
of the shelf-life period (Ornek, 2015). Martinez-Romero et al.
(2006) observed similar effects of Aloe vera application in cherry
fruits. Tzortzakis (2007), didn’t find a negative effect from the
application of EOs obtained from cinnamon and eucalyptus
on the fruit firmness of strawberries and tomatoes. Goksel
(2011) determined that thujone and carvacrol applications
have a reducing effect on the loss of firmness in cherry fruits
in low temperature storage.

3.4 Titratable acidity and pH

While there was a decrease in the amount of TA during
30 days of storage at 5 °C, it was determined that tomatoes
treated with sage and rosemary EO were effective in delaying
the reduction compared to the control group. The amount of
TA, which was 0.516% at the beginning of storage, was found
to be the lowest in the control group (0.329%) with a 27.21%
reduction at the end of the storage period. While 900 ppm
rosemary EO was determined as the most effective application
in maintaining the TA (0.360%), a decrease of 22.41% was
detected in this application as compared to the initial value
(Table 2).

While the 900 ppm dose of rosemary EO was the most
effective application in maintaining the TA value under shelflife
conditions, a decrease of 15.58% occurred in this application
as compared to the initial value. In the control and 600 ppm
sage EO applications, a decrease of 21.29% and 23.80% was
determined, respectively, compared to the initial value, while
the highest reduction (38.54%) was determined in the fruits
that were treated with 600 ppm dose of rosemary EO. Martinez-
Romero et al. (2006) determined that the Aloe vera application
preserved the TA content during storage and was accepted as an
effective application for fruit quality. In the shelflife evaluation
made at the end of the storage period in nectarine fruits where

different doses of Aloe vera were applied, it was determined
that the 4% Aloe vera treatment was effective in maintaining
the TA value (Ornek, 2015). Goksel (2011) determined that
the thujone application had a protective effect on the TA value
in the low temperature storage of cherry fruits.

3.5 Soluble solid content

It has been determined that the sage EO applications are
effective in delaying the increase in SSC throughout the storage
time. The value, which was 3.72% at the beginning of the storage
period, varied between 4.83% (control) and 4.16% (300 ppm
rosemary EO) at the end of the storage period. It was determined
that all doses of the sage essential oil had a positive effect on the
SSC content as compared to the rosemary essential oil under
shelf-life conditions. Similar to our findings, Goksel (2011)
determined that carvacrol application was the most effective
application in preserving the amount of SSC in 3 different cherry
cultivars stored under 1.5 £ 0.5 °C temperature and 85-90%
relative humidity conditions. It was determined that the 4%
dose of Aloe vera in nectarine fruits, in which different doses
were applied, was more effective in preserving the content of
SSC under the storage and shelf life conditions compared to
other treatments (Ornek, 2015).

3.6 Decay amount

As a result of the study, it was determined that 300 and
600 ppm doses of sage EO applications had a considerably
reducing effect on the amount of decay compared to the other
applications. It was observed that the 600 ppm dose of sage EO
was the best treatment in terms of delaying the decay under the
shelf life conditions. Serrano et al. (2004) determined that the
use of eugenol, thymol or menthol together with polypropylene
bags delayed fruit rot. It was determined that the 4% dose of
Aloe vera in nectarine fruits, in which different doses were
applied, was more effective in reducing the rate of decay
compared to the other treatments, both during cold storage
and during shelf life conditions (Ornek, 2015).

3.7 Calyx desiccation and rupture

It was observed that the calyx desiccation started from
the 20" day of storage and the lowest value was obtained in
the 600 ppm application of sage EO (22.22%), but the highest
value was obtained in the control samples (54.17%) (Table 3).
As a result, it has been determined that the EO applications
have a relatively reducing effect on the amount of desiccation
in the calyx as compared to the control group. The lowest
calyx desiccation value was obtained from the 600 ppm dose
of sage EO (32.98%) but the highest value was obtained from
the 900 ppm dose of rosemary EO (38.32%) under the shelf life
conditions. It was determined that all doses of sage essential
oil had a positive effect on the calyx rupture compared to
the rosemary essential oil under cold storage and shelf-life
conditions.
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3.8 Sensorial evaluations
External appearance

With the progression of the storage period, a decrease in the
external appearance value was determined in all applications,
while post-harvest sage essential oil application was found
to be effective in delaying this decrease. Control group fruits
received the lowest score by the panelists (3.66), followed by
the rosemary 300 ppm (4.00) and rosemary 900 ppm (4.00)
applications, respectively. It was determined that the tomatoes
in this group fell below the marketable limit value of 5 points.
At the end of the 25-day period, it was determined that all
tomatoes applied with sage essential oil scored above the
marketable value. After 15 + 2 days of storage, no application
has fallen below the marketable value of 5. While the highest
score was given by the panelists to the tomatoes treated with
600 ppm (5.33) of sage EO on 20 + 2 days of storage, followed
by 300 and 900 ppm (5.00) of sage EO and 300 and 600 ppm
of rosemary EO, respectively, the lowest score (4.00) was given
to 900 ppm dose of rosemary EO. In a study, it was revealed
that the application of Aloe vera in grapefruits has benefits in
extending the storage period without changing the unique
appearance of the fruit during storage (Martinez-Romero etal.,
2006). In another study, it was reported that the Miiskiile grape
variety received higher scores when menthol was applied
under cold storage conditions than the control application
(Goksel, 2011).

Taste and aroma

After the 20™ day of storage, it was determined that the
fruits lost their flavor and aroma in all applications except
300 and 600 ppm doses of sage EO. After 20 + 2 days of shelf
life conditions, it was observed that the fruits in all applications
have lost their taste and aroma to a large extent, except for the
fruits treated with 300 ppm dose of sage EO. In a study, it was
revealed that Aloe vera application has benefits in extending the
storage period without changing the unique taste and aroma
of grapefruits during storage (Martinez-Romero et al., 2006).
Moreover, Goksel (2011) determined that the application
that best preserves the taste and aroma values at the end of
the storage in the Sweetheart, 0900 Ziraat, and Regina cherry
varieties was the thujone application.

3.9 Ascorbic acid (vitamin C) content

The highest decrease rate in the amount of ascorbic acid
during storage was obtained from the control (47.91%), but
the lowest from the 900 ppm dose of rosemary EO (34.61%)
and 600 ppm dose of sage EO (39.88%) treatments. The highest
rate of decrease in the amount of ascorbic acid during the
shelf life (30 + 2 days) was obtained from the 600 ppm dose
of rosemary EO (46.77%) and the control (46.41%), but the
lowest from the 900 ppm dose of rosemary EO (33.57%).
Barreto et al. (2016) found that oregano (Origanum vulgare)
essential oil and chitosan-treated cherry tomatoes preserved
the amount of ascorbic acid better than the control group

Food Sci. Technol, Campinas, 43, 110522, 2023

tomatoes. Moreover, Oz & Ulukanli (2012), in their study on
pomegranate fruits, determined that 300 and 600 ppm black
seed oil + starch coating application protected the vitamin C
content better than the control group fruits. Similar to the
previous findings, it was determined that the loss of ascorbic
acid in the EO applied tomatoes was less than the control
group in this study.

3.10 Total phenolic substance amount

When the average values were examined, the highest total
phenolic content was obtained in 600 ppm dose of sage EO
(0.70 mg/g), while the lowest value was determined in the
fruits treated with 900 ppm dose of rosemary EO (0.65 mg/g).
The highest rate of increase in the total amount of phenolic
substances during the storage period was obtained from the
control (95.23%), and the 300 ppm dose of sage EO (82.97%)
treatment, but the lowest from the 300 ppm dose of rosemary
EO (70.90%) treatment. The highest rate of increase in the total
amount of phenolic substances during the shelflife was obtained
from the control (107.23%) and the 300 ppm dose of sage EO
(101.92%) treatment, but the lowest from the 900 ppm dose of
sage EO (83.67%) application. Goksel (2011) determined that
thujone and carvacrol applications were effective on the phenol
metabolism and that all of the applications increased the total
amount of phenolic substances more than the control group.
The results of our study are similar to these results, and it was
found that the amount of phenol increased in all groups, but
the increases were higher in the essential oil applied groups.

3.11 Lycopene amount

The highest rate of decrease in the amount of lycopene
during storage was obtained from the control (75.58%) and the
lowest from the 900 ppm dose of sage EO (64.97%). The highest
rate of decrease in the amount of lycopene during the shelf life
was obtained from the control (75.71%), but the lowest from
600 ppm dose of rosemary EO (67.47%), and 900 ppm dose
of sage EO (67.98%). Consistent with our study, Ajlouni et al.
(2001) reported that the lycopene value in the tomato fruits,
which was 60 pg/g at the beginning of the storage, decreased
to 30 pg/g at the end of the 21 days of the storage.

3.12 B-carotene amount

When the shelf life was evaluated alone in the study, the
highest B-carotene value was obtained from the 30" day of
the storage (1.17 mg/100 g) compared to the average values.
B-carotene contents increased with the increase in storage
period (Table 4). The highest rate of increase in p-carotene
values during the cold storage was obtained from the 600 and
900 ppm doses of sage EO (122.22%), but the lowest content
was observed from the control (107.84%). The highest rate of
increase in B-carotene values during the shelf life was obtained
from 900 ppm (53.48%) of sage EO and the lowest from the
control (44.59%).
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4 Conclusion

Asaresult, it was observed that the essential oil applications
to the ‘Sentino F,” tomato cultivar were effective in preserving the
storage time and fruit quality characteristics under cold storage
and shelf-life conditions. When all parameters were evaluated, it
was concluded that the tomato fruits could be stored for 25 days
at +5 °C temperature, 90-95% relative humidity, and 20 + 2 days
at +20 °C temperature with 60-65% relative humidity. When the
effectiveness of essential oils was compared, it was found that
the best results were obtained from the applications of 900 and
600 ppm doses of sage essential oil.

The chemicals used in the crops after harvesting is an
important problem due to the residue leaving and is one of the
important factors affecting human health negatively. The use
of essential oils obtained from plants in post-harvest storage
is thought to be an alternative method for chemicals that have
negative effects on human health and the environment while
avoiding product losses that may occur during storage in tomato
fruits. According to the findings, it has been determined that the
use of sage essential oil in tomatoes after harvest is commercially
recommended due to its positive contribution to fruit quality
characteristics as well as being safe for human health and the
environment.

Acknowledgements

This work is derived from master’s thesis and was supported
by Silleyman Demirel University Scientific Research Projects
Coordination Unit (5064-YL1-17).

References

Agar, 1. T, Kafkas, S., & Kagka, N. (1997). Variation in kernel chlorophyll
content of different pistachio varieties grown in six countries. In
L. Ferguson & D. Kester (Eds.), II International Symposium on
Pistachios and Almonds (pp. 372-377). Leuven: International Society
for Horticultural Science.

Ajlouni, S., Kremer, S., & Masih, L. (2001). Lycopene content of
hydroponic and non- hydroponic tomatoes during postharvest
storage. Food Australia, 5(53), 195-196.

Ali, A., Magbool, M., Ramachandran, S., & Alderson, P. G. (2010).
Gum arabic as a novel edible coating for enhancing shelf-life and
improving postharvest quality of tomato (Solanum lycopersicum
L.) fruit. Postharvest Biology and Technology, 58(1), 42-47. http://
dx.doi.org/10.1016/j.postharvbio.2010.05.005.

Almeida, P, Blanco-Pascual, N., Rosolen, D., Cisilotto, J., Creczynski-
Pasa, T., & Laurindo, J. (2022). Antioxidant and antifungal properties
of essential oils of oregano (Origanum vulgare) and mint (Mentha
arvensis) against Aspergillus flavus and Penicillium commune for
use in food preservation. Food Science and Technology, 42, ¢64921.
http://dx.doi.org/10.1590/fst.64921.

Aydogdu, A., Radke, C.]., Bezci, S., & Kirtil, E. (2020). Characterization
of curcumin incorporated guar gum/orange oil antimicrobial
emulsion films. International Journal of Biological Macromolecules,
148, 110-120. http://dx.doi.org/10.1016/j.ijbiomac.2019.12.255.
PMid:31917216.

Food Sci. Technol, Campinas, 43, 110522, 2023

Bakkali, E, Averbeck, S., Averbeck, D., & Idaomar, M. (2008). Biological
effects of essential oils—a review. Food and Chemical Toxicology, 46(2),
446-475. http://dx.doi.org/10.1016/j.fct.2007.09.106. PMid:17996351.

Barreto, T. A., Andrade, S. C., Maciel, ]. E, Arcanjo, N. M., Madruga, M.
S., Meireles, B., Cordeiro, A. M., Souza, E. L., & Magnani, M. (2016).
A chitosan coating containing essential oil from Origanum vulgare
L. to control postharvest mold infections and keep the quality of
cherry tomato fruit. Frontiers in Microbiology, 7, 1724. http://dx.doi.
org/10.3389/fmicb.2016.01724. PMid:27877156.

Bautista-Banos, S., Hernandez-Lauzardo, A. N., Velazquez-del Valle,
M. G., Hernandez-Lépez, M., Barka, E. A., Bosquez-Molina, E., &
Wilson, C. L. (2006). Chitosan as a potential natural compound to
control pre and postharvest diseases of horticultural commodities.
Crop Protection, 25(2), 108-118. http://dx.doi.org/10.1016/j.
cropro.2005.03.010.

Cemeroglu, B. (2007). Food analysis. Ankara: Food Technology Society
Publications.

Chen, H., Zhang, Y., & Zhong, O. (2019). Potential of acidified sodium
benzoate as an alternative wash solution of cherry tomatoes: changes
of quality, background microbes, and inoculated pathogens during
storage at 4 and 21°C post-washing. Food Microbiology, 82,111-118.
http://dx.doi.org/10.1016/j.fm.2019.01.013. PMid:31027764.

Chikhoune, A., Hazzit, M., Kerbouche, L., Baaliouamer, A., & Aissat, K.
(2013). Tetraclinis articulata (Vahl) Masters essential oils: chemical
composition and biological activities. The Journal of Essential Oil
Research, 25(4), 300-307. http://dx.doi.org/10.1080/10412905.20
13.774625.

Coseteng, M. Y., & Lee, C. Y. (1987). Changes in apple polyphenol
oxidase and polyphenolconcentrations in relation to degree of
browning. Journal of Food Science, 52(4), 985-989. http://dx.doi.
org/10.1111/§.1365-2621.1987.tb14257.x.

Dilmagiinal, T. (2020). Controlled atmosphere and shelflife performance
of a new late-maturing Japanese pear (Pyrus pyrifolia (Burm. F.)
Nakai) cultivar ‘Atago. Notulae Botanicae Horti Agrobotanici Cluj-
Napoca, 48(1), 177-188. http://dx.doi.org/10.15835/nbha48111764.

Falagan, N., & Terry, L. A. (2018). Recent advances in controlled and
modified atmosphere of fresh produce. Johnson Matthey Technology
Review, 62(1), 107-117. http://dx.doi.org/10.1595/205651318X696684.

Fallik, E., & Ili¢, Z. (2018). Hot water treatments. In S. Pareek (Ed.),
Novel postharvest treatments of fresh produce (pp. 231-247). Boca
Raton: CRC Press.

Food and Agriculture Organization of the United Nations — FAO.
(2022). World Tomato Production. Retrieved from https://www.
fao.org/statistics/en/

Gahruie, H. H,, Ziaee, E. E., Eskandari, M. H., & Hosseini, S. M. H.
(2017). Characterization of basil seed gum-based edible films
incorporated with Zataria multiflora essential oil nanoemulsion.
Carbohydrate Polymers, 166, 93-103. http://dx.doi.org/10.1016/].
carbpol.2017.02.103. PMid:28385252.

Goksel, Z. (2011). Effects of some pre-treatments on storability of sweet
cheeries (Ph.D. thesis). [zmir: Institute of Science and Technology,
Ege University.

Gonzilez-Estrada, R., Blancas-Benitez, F, Velazquez-Estrada, R. M.,
Montafio-Leyva, B., Ramos-Guerrero, A., Aguirre-Giiitron, L.,
Moreno-Hernéndez, C., Coronado-Partida, L., Herrera-Gonzalez,
J. A, Rodriguez-Guzman, C. A., Angel-Cruz, J. A.,Rayon-Diaz, E.,
Cortés-Rivera, H. J., Santoyo-Gonzalez, M. A., & Gutierrez-Martinez,
P. (2019). Alternative eco-friendly methods in the control of post-
harvest decay of tropical and subtropical fruits. In I. Kahramanoglu,
N. E. Kafkas, A. Kiiden & S. Comlekgioglu (Eds.), Modern fruit
industry (pp. 107-117). London: IntechOpen.


https://doi.org/10.1016/j.fct.2007.09.106
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17996351&dopt=Abstract
https://doi.org/10.3389/fmicb.2016.01724
https://doi.org/10.3389/fmicb.2016.01724
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27877156&dopt=Abstract
https://doi.org/10.1016/j.cropro.2005.03.010
https://doi.org/10.1016/j.cropro.2005.03.010
https://doi.org/10.1016/j.fm.2019.01.013
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31027764&dopt=Abstract
https://doi.org/10.1080/10412905.2013.774625
https://doi.org/10.1080/10412905.2013.774625
https://doi.org/10.1111/j.1365-2621.1987.tb14257.x
https://doi.org/10.1111/j.1365-2621.1987.tb14257.x
https://doi.org/10.15835/nbha48111764
https://doi.org/10.1595/205651318X696684
https://doi.org/10.1016/j.carbpol.2017.02.103
https://doi.org/10.1016/j.carbpol.2017.02.103
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28385252&dopt=Abstract
https://doi.org/10.1016/j.postharvbio.2010.05.005
https://doi.org/10.1016/j.postharvbio.2010.05.005
https://doi.org/10.1590/fst.64921
https://doi.org/10.1016/j.ijbiomac.2019.12.255
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31917216&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31917216&dopt=Abstract

Postharvest essential oils applications in tomato

Janisiewicz, W. J., Tworkoski, T. J., & Kurtzman, C. P. (2001). Biocontrol
potential of Metchnikowia pulcherrima strains against blue mold of
apple. Phytopathology, 91(11), 1098-1108. http://dx.doi.org/10.1094/
PHYTO.2001.91.11.1098. PMid:18943447.

Karabulut, O. A., & Baykal, N. (2002). Evaluation of the use of microwave
power for the control of postharvest diseases of peaches. Postharvest
Biology and Technology, 26(2), 237-240. http://dx.doi.org/10.1016/
S0925-5214(02)00026-1.

Martinez-Romero, D., Alburquerque, N., Valverde, J., Guillén, E,
Castillo, S., Valero, D., & Serrano, M. (2006). Postharvest sweet
cherry quality and safety maintenance by Aloe vera treatment: a new
edible coating. Postharvest Biology and Technology, 39(1), 93-100.
http://dx.doi.org/10.1016/j.postharvbio.2005.09.006.

Martinez-Romero, D., Guillén, E, Castillo, S., Valero, D., & Serrano, M.
(2003). Modified atmosphere packaging maintains quality of table
grapes. Journal of Food Science, 68(5), 1838-1843. http://dx.doi.
org/IO.l111/j.1365-2621.2003.tb12339.x.

Moreira, E. S., Silva, N. M. C., Brandao, M. R. S,, Santos, H. C., &
Ferreira, T. A. P. C. (2022). Effect of modified starch and gelatin
by-product based edible coating on the postharvest quality and
shelf life of guava fruits. Food Science and Technology, 42, €26221.
http://dx.doi.org/10.1590/fst.26221.

Nagata, M., & Yamashita, I. (1992). Simple method for simultaneous
determination of chlorophyll and carotenoids in tomato fruit.
Nippon Shokuhin Kagaku Kogaku Kaishi, 39(10), 925-928. http://
dx.doi.org/10.3136/nskkk1962.39.925.

Njombolwana, N. S., Erasmus, A., & Fourie, P. H. (2013). Evaluation of
curative and protective control of Penicillium digitatum following
imazalil application in wax coating. Postharvest Biology and Technology,
77, 102-110. http://dx.doi.org/10.1016/j.postharvbio.2012.11.009.

Ornek, R. E. (2015). The effects of natural coating treatments on quality
parameters of some nectarine varieties during storage (Master’s thesis).
Canakkale: Institute of Science and Technology, Canakkale Onsekiz
Mart University.

Oz, A. T., & Ulukanli, Z. (2012). Application of edible starch- based
coating including glycerol plus oleum nigella on arils from long-stared
whole pomegranate fruits. Journal of Food Processing and Preservation,
36(1), 81-95. http://dx.doi.org/10.1111/j.1745-4549.2011.00599.x.

Ozdemir, E., & Diindar, O. (1998). Effect of different postharvest
application on storage of Kozan and Valencia Late oranges. In
International Society for Horticultural Science (Ed.), XXV International
Horticultural Congress (p. 378). Leuven: International Society for
Horticultural Science.

Palou, L., Smilanick, J. L., Crisosto, C. H., Mansour, M., & Plaza, P.
(2003). Ozone gas penetration and control of the sporulation of
Penicillium digitatumandPenicillium italicum within commercial
packages of oranges during cold storage. Crop Protection, 22(9),
1131-1134. http://dx.doi.org/10.1016/S0261-2194(03)00145-5.

Palou, L., Usall, J., Mufoz, J. A., Smilanick, J. L., & Vifas, I. (2002a). Hot
water, sodium carbonate, and sodium bicarbonate for the control
of postharvest green and blue molds of clementine mandarins.
Postharvest Biology and Technology, 24(1), 93-96. http://dx.doi.
0rg/10.1016/S0925-5214(01)00178-8.

Palou, L., Usall, J., Smilanick, J. L., Aguilar, M. J., & Vinas, I. (2002b).
Evaluation of food additives and low-toxicity compounds as alternative
chemicals for the control of Penicillium digitatum and Penicillium

10

italicum on citrus fruit. Pest Management Science, 58(5), 459-466.
http://dx.doi.org/10.1002/ps.477. PMid:11997972.

Pinheiro, J., Alegria, C., Abreu, M., Gongalves, E. M., & Silva, C. L.
M. (2013). Kinetics of changes in the physical quality parameters
of fresh tomato fruits (Solanum lycopersicum, cv. ‘Zinac’) during
storage. Journal of Food Engineering, 114(3), 338-345. http://dx.doi.
org/10.1016/j.jfoodeng.2012.08.024.

Pinheiro, J., Silva, C. L. M., Alegria, A., Abreu, M., & Gongalves, E. M.
(2012). Optimization, heat stability and kinetic characterization
of pectinmethylesterase enzyme from tomato (Lycopersicum
esculentum L., cv. Zinac) fruits. In M. I. Cantwell & D. P. F. Almeida
(Eds.), XXVIII International Horticultural Congress on Science
and Horticulture for People (IHC2010): International Symposium
on Postharvest Technology in the Global Market (pp. 1283-1290).
Leuven: International Society for Horticultural Science. http://
dx.doi.org/10.17660/ActaHortic.2012.934.174.

Schuh, J., Batisteli, P., Gargetti, A., Zapparoli, A., Balsan, T. I, Gilioli,
A., Zanetti, V. C,, Foralosso, F. B., Vargas, A. Jr., Fronza, N., Verruck,
S., & Silveira, S. M. (2022). Basil, marjoram, nutmeg and oregano
essential oils as natural preservatives of Quark-type cheese. Food
Science and Technology, 42, €31322. http://dx.doi.org/10.1590/fst.31322.

Serrano, M., Martinez-Romero, D., Guillen, E, Castillo, S., Valverde, J.
M., & Valero, D. (2004). Active packaging development to improve
‘starking’ sweet cherry postharvest quality. In E. Mencarelli & P.
Tonutti (Eds.), V' International Postharvest Symposium (pp. 1675-
1682). Leuven: International Society for Horticultural Science.

Shehata, S. A., Abdeldaym, E. A., Ali, M. R., Mohamed, M. R., Bob,
R. L, & Abdelgawad, K. E. (2020). Effect of some citrus essential
oils on post-harvest shelf life and physicochemical quality of
strawberries during cold storage. Agronomy, 10(10), 1466. http://
dx.doi.org/10.3390/agronomy10101466.

Shin, S.-D., Kim, C.-S., & Lee, J.-H. (2022). Compositional characteristics
and antibacterial activity of essential oils in citrus hybrid peels. Food
Science and Technology, 42, €95921. http://dx.doi.org/10.1590/fst.95921.

Simone, N., Pace, B., Grieco, E, Chimienti, M., Tyibilika, V., Santoro,
V., Capozzi, V., Colelli, G., Spano, G., & Russo, P. (2020). Botrytis
cinerea and table grapes: a review of the main physical, chemical,
and bio-based control treatments in post-harvest. Foods, 9(9), 1138.
http://dx.doi.org/10.3390/foods9091138. PMid:32824971.

Sivakumar, D., & Bautista-Bafios, S. (2014). A review on the use of
essential oils for postharvest decay control and maintenance of fruit
quality during storage. Crop Protection, 64, 27-37. http://dx.doi.
org/10.1016/j.cropro.2014.05.012.

Tiirkiye Statistical Institute — TUIK. (2022). Crop production statistics.
Retrieved from https://biruni.tuik.gov.tr/medas/?kn=92&locale=tr

Tzortzakis, N. G. (2007). Maintaining postharvest quality of fresh
produce with volatile compounds. Innovative Food Science &
Emerging Technologies, 8(1), 111-116. http://dx.doi.org/10.1016/j.
ifset.2006.08.001.

Yao, H., & Tian, S. (2005). Effects of pre-and postharvest application
of salicylic acid or methyl jasmonate on inducing disease resistance
of sweet cherry fruit in storage. Postharvest Biology and Technology,
35(3),253-262. http://dx.doi.org/10.1016/j.postharvbio.2004.09.001.

Zhang, W,, Lin, M., Feng, X., Yao, Z., Wang, T., & Xu, C. (2022). Effect
of lemon essential oil-enriched coating on the postharvest storage
quality of citrus fruits. Food Science and Technology, 42, e125421.
http://dx.doi.org/10.1590/fst.125421.

Food Sci. Technol, Campinas, 43, e110522, 2023


https://doi.org/10.1002/ps.477
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11997972&dopt=Abstract
https://doi.org/10.1016/j.jfoodeng.2012.08.024
https://doi.org/10.1016/j.jfoodeng.2012.08.024
https://doi.org/10.1590/fst.31322
https://doi.org/10.3390/agronomy10101466
https://doi.org/10.3390/agronomy10101466
https://doi.org/10.1590/fst.95921
https://doi.org/10.3390/foods9091138
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32824971&dopt=Abstract
https://doi.org/10.1016/j.cropro.2014.05.012
https://doi.org/10.1016/j.cropro.2014.05.012
https://doi.org/10.1016/j.ifset.2006.08.001
https://doi.org/10.1016/j.ifset.2006.08.001
https://doi.org/10.1016/j.postharvbio.2004.09.001
https://doi.org/10.1590/fst.125421
https://doi.org/10.1094/PHYTO.2001.91.11.1098
https://doi.org/10.1094/PHYTO.2001.91.11.1098
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18943447&dopt=Abstract
https://doi.org/10.1016/S0925-5214(02)00026-1
https://doi.org/10.1016/S0925-5214(02)00026-1
https://doi.org/10.1016/j.postharvbio.2005.09.006
https://doi.org/10.1111/j.1365-2621.2003.tb12339.x
https://doi.org/10.1111/j.1365-2621.2003.tb12339.x
https://doi.org/10.1590/fst.26221
https://doi.org/10.3136/nskkk1962.39.925
https://doi.org/10.3136/nskkk1962.39.925
https://doi.org/10.1016/j.postharvbio.2012.11.009
https://doi.org/10.1111/j.1745-4549.2011.00599.x
https://doi.org/10.1016/S0261-2194(03)00145-5
https://doi.org/10.1016/S0925-5214(01)00178-8
https://doi.org/10.1016/S0925-5214(01)00178-8

