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Abstract

Once the benefits to human health of the goji berry plant were understood, the popularity of goji products rapidly increased
worldwide due to more studies by researchers and effective marketing strategies. For this reason, goji fruit and its fruit juice
are marketed as healthy food products in many countries around the world. This study aimed to detect aroma compounds
with a gas chromatography-mass spectrometry (GC-MS) device using two solid-phase microextraction (SPME) fibers for
fruit harvested in different ripening periods from three Lycium barbarum L. genotypes (‘HZR1’, ‘HZR2’, ‘HZR3’) and
compare them with dried fruit from the Lycium barbarum L. genotypes. Another aim was to detect the protein contents
of fruit harvested in different ripening periods from the ‘HZR1’, ‘HZR2’, and ‘HZR3’ genotypes and the ‘M1 ALTUNI’
genotype from the Lycium chinense species with the Micro-Kjeldahl method. The study identified 35 volatile aroma
compounds. The highest protein amount was found in the ‘M1 ALTUNI’ genotype in the green period.

Keywords Lycium spp. - Fruit quality parameters - Protein - GC-MS - SPME

Highlights Introduction

1. This study is the first scientific research about goji berry
in Central Anatolia.

2. Studies about the protein and aroma compounds in goji
berry are comparatively limited in Turkey.

3. According to this study, the highest protein content was
detected in ‘M1 ALTUNI".

4. The study identified 35 volatile aroma compounds.

5. The aroma analysis in the study used light blue and red
SPME fibers.

The Lycium spp. fruiting species belongs to the Solanaceae
family and is called the wolfberry or goji berry in China and
many countries. The most common species globally is Ly-
cium barbarum L., and the natural distribution areas of the
goji berry are China, Tibet, and other Asian countries (Pot-
terat 2010). The highest quality goji fruit in terms of aroma
and nutritional properties is produced in the Ningxia region
of China (Amagase et al. 2009; Amagase and Farnsworth
2011; Zhang et al. 2016). L. barbarum fruit may be con-
sumed fresh or dried, and is consumed as fruit juice or
condensed juice. Daily consumption of 5-18 g dried fruits
is recommended (Oguz et al. 2022). Additionally, it is used
as fruit juice and drinks in China. For example, fruits are
also consumed in beer production, while leaves are con-
4 Nesibe Ebru Kafkas sumed as tea (Chen et al. 2015; Oguz 2019). Especially in

ebruyasakafkas @gmail.com China, leading the country producing most goji berry glob-
ally, and in some other countries, dry or fresh goji fruits

Faculty of Agriculture, Department of Horticulture,

University of Cukurova, 01330 Balcali, Adana, Turkey are commonly used in wine production (Yuan et al. 2016;
> Faculty of Agriculture, Department of Horticulture Zhong et al. 2013). The fruit of the plant is a popular drink
Adiyaman University, 02040 Adiyaman, Turkey and snack in Asian countries, while it is also consumed as
3 Department of Computer Engineering, Faculty of a functional food (Adams et al. 2006). Goji fruits and prod-
Engineering-Architecture, University of Nevsehir Haci ucts obtained from them are reported to be used as food or
Bektas Veli, 50300 Nevsehir, Turkey food supplements in America and Europe (Oguz 2019).

Published online: 02 December 2022 A Springer


https://doi.org/10.1007/s10341-022-00775-7
http://crossmark.crossref.org/dialog/?doi=10.1007/s10341-022-00775-7&domain=pdf

L. Oguz et al.

The dried goji berry fruits contained protein 13.3+0.6 g/
100g and energy 302kcal/100g (Rybicka et al. 2021).
A study in China performed protein analyses after dry-
ing goji fruits obtained from six different regions. When
protein in samples from the six regions was investigated,
the protein contents varied between 4.12mg/100g and
6.17mg/100g between the regions. The highest protein
content was obtained from the Xinjiang Uygur autonomous
region (17mg/100g), with the lowest protein content ob-
tained in dried goji berry samples from the Baiyin Gansu
province (4.12mg/100g) (Lu et al. 2021). In addition to
the protein content of goji berry, the aroma properties have
attracted the attention of both consumers and researchers
due to important benefits for human health. Although many
things are known about Lycium spp. as an important nu-
trient source for people, there is currently still inadequate
information about the aroma quality. Research shows that
knowing the aroma content of fruit is an important criterion
in goji berry breeding. Aroma compounds have great im-
portance for acceptable food products. Factors affecting the
presence of aroma compounds include proteins, presence
of salts, and their interactions (Pozo-Bayon et al. 2008;
Kafkas et al. 2018).

Chen et al. (2015) performed analyses with headspace-
trap gas chromatography (GC) in a study to determine
volatile compounds in Lycium barbarum L. fruits. They
identified 193 aroma compounds in this study. They stated
that most of the dominant compounds in the research
were ester compounds. Also, they identified 56 volatile
compounds through linear retention index (LRI), mass
spectrometry (MS), and retention index (RI), and these
compounds included 17 aldehydes, five alcohols, five ter-
penoids, eight esters, 11 terpenes, six ketones, two furans,
and three acids. In conclusion, they identified that the
56 volatile aroma compounds identified in goji berry ob-
tained from the Ningxia region in China comprised 70-94%
of total volatile compounds, with hexanal and (E)-2-hexenal
dominant in goji fruit. They reported that in terms of gas
chromatography-olfactometry and odour activity values,
the most common characteristic volatile aroma compounds
in Ningxia goji berry were hexanal, (E)-2-hexenal, nonanal,
isoamylol, 1-hexanol, 1-octen-3-ol, hexyl acetate, methyl
salicylate, ethyl octanoate, o-cymene, d-limonene, linalool,
p-cyclocitral, p-elemene, and 2-pentylfuran. In the un-
ripe green stage of the fruit, the content of hexyl acetate,
linalool, 2-pentylfuran p-cyclocitral, and p-elemene sig-
nificantly increased, while there was a reduction in other
compounds in later stages. As a result of this study, they re-
ported that Ningxia goji berry varieties may be an important
breeding material in terms of aroma compounds.

A study by Kim and Chung (2009) identified 130 volatile
compounds in Lycium chinense Miller fruit; among these
were eight acids, 21 alcohols, 23 aldehydes, 10 alkanes, five
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aromatics, 15 esters, seven furans, 21 ketones, three diverse
compounds, two naphthalins, three phenols, two pyrazines,
and 10 terpenes. The basic components in oil from the
fruit of L. barbarum were identified as hexadecenoic acid
(47.5%), B-elemene (5.4%), myristic acid (4.2%), and ethyl
hexadecanoate (4.0%). The essential oil of L. ruthenicum
contained heptacosane (14.3%), ethyl linoleate (10.0%),
hexacosane (7.0%), nonacosane (6.2%), and ethyl hexade-
canoate (5.8%) among basic components.

A study in China identified varying rates of volatile com-
pounds in raw goji berry material after pressing and gly-
cosidase application to fresh and dry goji berry for wine
production. In this study, they reported no significant dif-
ference between volatile compound contents in both fresh
and dry goji berry material. Additionally, while there were
31 volatile compounds in wine fermented from fresh goji
berry, they identified 56 volatile compounds in wine fer-
mented from dry goji fruit. They reported there were more
odour and aroma compounds in wine fermented from the
dry goji berry. Also, while floral, fruity, and caramel odors
were dominant among properties determining the basic aro-
matic character of wines fermented with dry goji berry,
chemical compounds were higher for wines fermented with
fresh wolfberry. As a result of the study, they reported that
glycosidase administration did not affect the aroma content
of fermented goji berry wine.

Our study aimed to identify the aroma compounds in
fruit harvested in different ripening periods from three sep-
arate Lycium barbarum L. genotypes (‘HZR1’, ‘HZR2’,
‘HZR3’) and dried Lycium barbarum L. fruit with a gas
chromatography-mass spectrometry (GC-MS) device using
two different solid phase micro extraction (SPME) fibers.
Our second aim was to identify the protein contents in
fruit obtained in different ripening periods from ‘HZR1’,
‘HZR2’, and ‘HZR3’ genotypes and the ‘M1 ALTUNI’
genotype from the Lycium chinense species with the Mi-
cro-Kjeldahl method.

Materials and Methods
Material

The samples were collected between the first week of June
and September in 2018. Goji berries in different develop-
ment stages were taken from the plantations. As well as
dried fruits, green, unripe, and ripe goji berries were eval-
uated. Randomized blocks with three replications are used
for the experiment. Each replication had 20 plants which
were planted at a spacing of 3x 1.5m. In each development
stage, 500 g of samples were collected. In brief, the testing
materials were the green, unripe, ripe, and dried goji berries
from two different species and were collected in different
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development stages: green (5 days after full flowering), un-
ripe (20 days after full flowering), and ripe (35 days after
full flowering) (Oguz et al. 2021).

‘HZR1’ Genotype: This is one of three Lycium barbarum
genotypes that has the least amount of thorns, an oval fruit
shape, and red fruit color.

‘HZR2’ Genotype: This is one of three Lycium barbarum
genotypes that has the bulkiest and longest fruit character-
istics and bulkier leaves.

‘HZR3’ Genotype: Having grown from the seeds of the
‘NQ-1’ cultivar, it is one of three Lycium barbarum geno-
types that has the smallest fruits. The yield of the ‘HZR3’
genotype was higher compared to the other genotypes. Har-
vesting this genotype is challenging and it has a slower
ripening rate when compared to others (Oguz et al. 2021).

‘M1 ALTUNI’ Genotype: This belongs to the L. chinense
Miller species and has yellow-colored fruits. The fruit shape
is oval and fruit bulkiness is similar to ‘HZR2’.

Method
Dry Method Fruit

Racks made with Teflon wires in wooden frames measuring
80x90cm were used for the goji berry fruits maturing dur-
ing the harvest season. After the harvest, the collected fruits
were spread on these racks and kept in the shade for nearly
a day. The racks were then transported to drying rooms,
where they were set on shelves with a 10-cm spacing be-
tween them and the fruits were left to dry. A drying machine
(HDSD120B-D, Haiti Sheng Machinery Co. Ltd., Liaoning,
China) was used for heating the fruits. This machine warms
the air in a hot-blast stove and directs the hot air toward the
fresh fruits and this method is known as hot air drying. By
using this method, goji berries were heated at 40—45 °C for
approximately 6 h with an airflow speed of 0.15m/s, then at
60°C for 6h with an airflow speed of 0.35m/s, and lastly
at 65°C for approximately 20h with an airflow speed of
0.25m/s. Furthermore, by using this approach, the lowest
possible cost and large processing capacity were achieved.
However, this procedure results in waste and poor quality.
(Zhao et al. 2015a, b; Oguz et al. 2021).

Determination of Aromatic Compounds

Volatile compounds were extracted by solid-phase mi-
croextraction (SPME). Then, 1 g of homogenate goji berry
was weighed and 1 mL of CaCl, was added in a headspace
vial for 30min at 40C. Three replicates were used for
each sample. The SPME fiber 85um CAR/PDMS (car-
boxen/polydimethylsiloxane; light blue) and 100 um PDMS
(polydimethylsiloxane; red) (Supelco Co., Bellefonte, PA,
USA) were used for analysis. The adsorbed flavor co-

mpounds from the goji berry fruits were analyzed using
a Shimadzu GC-2010 Plus GC-MS system (Shimadzu
Corporation, Kyoto, Japan). HP-Innowax Agilent column
(30mx0.25mm i.d., 0.25 ym thickness) was used and he-
lium was the carrier gas. The GC oven temperature was
kept at 40C and programmed to 260 C at a rate of 5C/min
and then kept constant at 260C for 40min. The injector
temperature was 250C. The MS were obtained at 70eV.
The mass range was m/z30-400. The chromatograms and
mass spectra were evaluated with GC-MS Postrun Analysis
software (Shimadzu, GC-MS-QP2010, Japan). The com-
pounds were tentatively identified by comparing their mass
spectra with those in the data system library (NIST08)
(Kafkas et al. 2018).

Determination of Protein Percentage

Nitrogen percentage in berries was estimated using the Mi-
cro-Kjeldahl method according to the Association of Of-
ficial Analytical chemists (A.O.A.C., 1990). Protein per-
centage was calculated according to the following equa-
tion: protein percentage=nitrogen percentage (N%)x 6.25
(Kafkas et al. 2020).

Statistical Analyses

JMP data analysis software was used for statistical analy-
ses. The data were gathered for various parameters. Regard-
ing the variance, the analysis was carried out statistically
through the data analysis tool of the JMP (5.0.1, SAS Insti-
tute, Cary, NC, USA). At a 5% probability level, Fisher’s
method of protected least significant difference (LSD) was
used to compare means (Steel et al. 1997). Data visual-
ization and analyses were conducted using RStudio ver-
sion 2021.09.2 Build 382 (RStudio 2022; RStudio [version
2021.09.2 Build 382, RStudio, Inc, USA]).

Results and Discussion

The variation in protein content (%) of different wolfberry
genotypes according to ripening period is given in Table 1.
According to the ripening period, the statistical differ-
ences between genotypes were identified to be significant
(»<0.05). The genotypes and interaction between geno-
type X period were found to have statistically significant
differences in terms of protein content (%) (p<0.05). The
highest protein content determined in fruits obtained in
the green period was 23.70+0.17 in the ‘M1 ALTUNI’
genotype. The lowest protein content in the ripe period was
measured as 8.59+0.44 in the ‘HZRI1’ genotype. In the
unripe period, the highest protein content was identified
as 22.58+0.41 in the ‘M1 ALTUNI’ genotype, while the

@ Springer



L. Oguz et al.

Table 1 Protein values (%) for goji berry fruits in different ripening stages

Genotypes Ripening stages
Green Unripe Ripe Dried Average
Protein (x)  ‘HZR3’ 22.06+0.52 ¢ 17.30+0.39 ¢ 10.41+£0.231 14.73+0.32¢ 16.13C
‘HZR1’ 21.68+0.23 ¢ 18.82+0.20d 8.59+0.44j 13.55+0.21h 15.66 D
‘HZR2’ 21.72+0.19 ¢ 19.11+0.14d 9.93+0.06 1 15.62+0.24 f 16.60 B
‘M1 ALTUND’ 23.70+£0.17 a 22.58+041b 16.14+0.34 £ 13.19+0.61h 18.90A
Average of Stage 22.29A 19.45B 11.27D 14.28C -
LSD LSDgen™=0.260 LSDstage* =0.260 LSDgenxstage™ =0.521

The differences between the averages are shown by separate letters
N.S. Not Significant, LSD least significant difference
**%p 0.001, **p 0.01, *p 0.05

lowest protein content was 17.30+£0.39 in the ‘HZR3’
genotype. In the ripe period, the highest protein content
was 16.14+0.34 in the ‘M1 ALTUNI’ genotype, while the
lowest protein content of 8.59+0.44 in the ‘HZR1’ geno-
type (Fig. 1c). Considering the period averages for protein
content, the highest protein content of 22.29 was identified
in the green period, with the lowest protein content of 11.27
identified in the ripe period (Fig. 1b). When the genotype
averages are considered in terms of protein content, the
highest was in the ‘M1 ALTUNI’ genotype with a value
of 18.90, while the lowest was identified as the ‘HZR1’
genotype with a value of 15.66 (Fig. 1a).

A study in China identified 7.63% protein in dried goji
berry (Gan et al. 2004). Niro et al. (2017) analyzed fresh and
dried goji berries (g/100g) for protein contents and found
2.5+0.12% and 10.2+0.22% protein content, respectively.
Another study measured 9.57 + 0.05% protein content in or-
ganic goji berry and 9.72+0.03% protein in conventional
goji berry among the quality and nutritional properties of
goji fruit from organic and conventional goji berry cultiva-
tion (Pedro et al. 2019). Ili¢ et al. (2020) found the con-
tent of protein to be 1.98+0.06 for red goji, 2.24+0.30
for yellow goji, and 1.68+0.01 for black goji. They ob-
served slightly higher protein content in the yellow goji
berry fruits. Covaci et al. (2020) found mean protein values
of 15.9£2.7%. Talay et al. (2021) determined the protein
content of goji berry as 13.18%. A study in Poland stated
that dried goji berry had a protein content of 13.3+0.6%
(Rybicka et al. 2021). Our study identified a protein content
in the interval of 8.59+0.44-16.14+0.34% for fresh goji
berry and 13.19+0.61-15.62+0.24% for dried goji berry.
The data obtained in our study were identified to be gener-
ally higher compared to previous literature data.

In the study, fruit samples in different ripening periods
from the ‘HZR1’, ‘HZR2’, and ‘HZR3’ goji berry geno-
types were investigated with GC-MS for aroma content
using two different SPME fibers (light blue, red), and this
data is given in Tables 2 and 3. According to Table 2,
the volatile contents in analyses with the blue SPME fiber
identified 2 octenal, 2.4-hexadienal, 2-furancarboxalde-
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hyde, 2-hexenal, heptanal, and pentanal from the aldehyde
group; l-hexanol, 2-ethyl-1-hexanol, 1-octen-3-ol, 1-pen-
tanol, 3-methyl-1-butanol, 3-hexen-1-o0l, and phenol from
the alcohol group; 2-propanone, and 6-methyl-5-heptane-
2-one from the ester group; acetic acid, ethyl ester, benzoic
acid, and 2-hydroxy-methyl ester from the ketone group;
and methyl-benzene and 1-limonene from the terpene group.
As seen in Table 2, considering the different ripening peri-
ods for goji berry, in the aldehyde group the highest values
for 2-hexenal were 61.72% (‘HZR1°)-65.21% (‘HZR2’)
in the green period, 63.19% (‘HZR1’)-68.5% (‘HZR2’)
in the unripe period, 62.76% (‘HZR3’)-67.2% (‘HZR1’)
in the ripe period, 67.69% (‘HZR3’)-71.35% (‘HZR1’)
in dried samples. The highest hexenal value was deter-
mined in ‘HZR1’ genotype as 71.35% in the dried samples.
For the aldehyde group considering all ripening periods in
goji berry genotypes, the lowest value was for 2.4-hexa-
dienal aldehyde, with a minimum value of 0.07% identi-
fied in dried samples from the ‘HZR2’ genotype. Consid-
ering the alcohol group in goji fruit from different ripen-
ing periods, the highest value was for 1-hexanol, with val-
ues of 8.57% (‘HZR2’)-8.95% (‘HZR3’) in the green pe-
riod, 10.55% (‘HZR3’)-13.04% (‘HZR1’) in the unripe pe-
riod, 14.96% (‘HZR3’)-15.91% (‘HZR1’) in the ripe pe-
riod, 9.27% (‘HZR1’)-11.49% in the dried samples from
the ‘HZR2’ genotype. For the alcohol group considering
all ripening periods for goji berry genotypes, the lowest
value was for 1-octen-3-ol, with highest value for 1-hex-
anol. The highest 1-hexanol value was in the ripe period
at 15.91% in fruit from ‘HZR1’ genotype. For the ketone
group considering the different ripening periods of goji
fruit, the highest value was for 2-propanone with values
of 2.14% (‘HZR1’)-2.86% (‘HZR3’) in the green period,
2.03% (‘HZR2’)-2.23% (‘HZR1’) in the unripe period,
2.21% (‘HZR2’)-2.85% (‘HZR3’) in the ripe period, 1.37%
(‘HZR3’)-1.62% (‘HZR1’) in the dried samples from the
‘HZR1’ genotype. The lowest value for the ketone group
considering all ripening periods in goji berry genotypes
was for 6-methyl-5-heptane-2-one, with highest value iden-
tified for 2-propanone. The highest 2-propanone value was
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Fig. 1 Boxplot distributions of mean protein value for each genotype and ripening periods. When the genotype averages are considered in terms
of protein content, the highest was in the ‘M1 ALTUNI" genotype, while the lowest was identified in the ‘HZR1’ genotype (a). Considering the
period averages for protein content, the highest protein content was identified in the green period, with lowest protein content identified in the ripe
period (b). The highest protein content determined in fruits was obtained in the green period for the ‘M1 ALTUNI’ genotype. The lowest protein

content in the ripe period was for the ‘HZR1’ genotype (c)

2.86% in the green period in samples from ‘HZR3’ geno-
type. In terms of esters, considering all ripening periods
in goji berry genotypes, the lowest value was for benzoic
acid, with the highest value for 2-hydroxy-methyl ester and
acetic acid identified. The highest acetic acid, ethyl ester
value was determined as 2.32% in the ‘HZR2’ genotype in
the unripe period. Additionally, the highest value for acetic
acid, ethyl ester in the ester group considering different
ripening periods for goji fruit were 1.49% (‘HZR3’)-1.8%
(‘HZR1’) in the green period, 1.78% (‘HZR3’)-2.32%
(‘HZR?2’) in the unripe period, 1.07% (‘HZR3’)-1.75%
(‘HZR1’) in the ripe period, 1.07% (‘HZR3’)-1.75% in
the dried samples from the ‘HZR1* genotype. For the ter-
pene group considering all ripening periods for goji berry
genotypes, the lowest value was for 1-limonene, with the
highest value identified for methyl-benzene. The highest
methyl-benzene value was identified as 2% in the green
period for the ‘HZR1’ genotype. For the terpene group
considering different ripening periods for goji berry fruit,
the highest value was for methyl-benzene with values

identified as 1.52% (‘HZR3’)-2% (‘HZR1’) in the green
period, 1.45% (‘HZR2’)-1.81% (‘HZR3’) in the unripe
period, 1.29% (‘HZR2’)-1.74% (‘HZR1’) in the ripe pe-
riod, 1.45% (‘HZR1’)-1.80% in the dried samples from the
‘HZR2’ and ‘HZR3’ genotypes.

Results of the present study showed that the genotypes
differ from each other in terms of the contents of VOCs.
For example, the ‘HZR1’ cultivar was dominant with to-
tal alcohol, total ester, and total terpene, while the ‘HZR2’
cultivar was dominant with total aldehydes. Also, the high-
est percentage of total ketone was ‘HZR3’ (Fig. 2a). The
average total aldehyde content increases as the fruit ages
(Fig. 2b).

For different ripening stages of the ‘HZR1’ genotype,
the total terpene, total alcohol, and total ester contents were
highly correlated with each other, while negatively corre-
lated with total aldehyde (p<0.05) (Fig. 3a). “Total Ter-
pene” and “Total Alcohol” were negatively correlated for
the ‘HZR2’ genotype with different ripening stages (green,
unripe, ripe, dried) for Table 2 (p<0.05) (Fig. 3b). Further-
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Fig.2 Results of the present study showed that the genotypes differ from each other in terms of the contents of volatile organic compounds
(VOCs). For example, the ‘HZR1’ cultivar was dominant with total alcohol, total ester, and total terpene, while the ‘HZR2’ cultivar was dominant
with total aldehydes. Moreover, the highest percentage of total ketone was in “HZR3” (a). The ‘HZR1’ cultivar was dominant for total ester and
total terpene, while the ‘HZR2’ cultivar was dominant for total aldehydes and total alcohol. The highest percentage of total ketone was “HZR3” (c).
Results of the present study showed that the ripening stages differ from each other in terms of the contents of VOCs (d). The average total aldehyde
content increases as the fruit ages (b). a Comparison average Total Aldehyde, Total Alcohol, Total Ketone, Total Ester, and Total Terpene results
for different genotypes for Table 2. b Comparison average Total Aldehyde, Total Alcohol, Total Ketone, Total Ester, and Total Terpene results for
different ripening stages for Table 2. ¢ Comparison average Total Aldehyde, Total Alcohol, Total Ketone, Total Ester, and Total Terpene results
for different genotypes for Table 3. d Comparison average Total Aldehyde, Total Alcohol, Total Ketone, Total Ester, and Total Terpene results for
different ripening stages for Table 3

more, we have found a negligible correlation for ‘HZR3’
genotype with different ripening stages for Table 2 (Fig. 3¢).

Table 3 shows the volatile compound proportions mea-
sured with SPME to be 100um PDMS in goji berry. The
basic components in the table are aldehydes, alcohols, ke-
tones, esters, and terpenes. As seen in Table 3, considering
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the different ripening periods of goji fruit, the highest value
in the aldehyde group was 2-hexenal comprising 49.81%
(‘HZR3’)-52% (‘HZR2’) in the green period, 45.41%
(‘HZR2’)-45.98% (‘HZR1’) in the unripe period, 58.91%
(‘HZR3’)-60.47% (‘HZR2’) in the ripe period, 50.00%
(‘HZR1°)-58.25% in the dry samples of the ‘HZR3’ geno-
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type. The highest hexenal value was 60.47% in the ripe
period identified in the ‘HZR2’ genotype. Considering
all ripening periods for goji berry genotypes, the lowest
value in the aldehyde group was for 2-furancarboxaldehyde
and the lowest value was measured in the green period at
0.50% in the ‘HZR2’ and ‘HZR3’ genotypes. Additionally,
the highest value in the alcohol group was for 1-hexanol
with values of 18.61% (‘HZR1°)-18.91% (‘HZR3’) in the
green period, 18.60% (‘HZR1’)-19.22% (‘HZR3’) in the
unripe period, 16.52% (‘HZR3*)-18.72% (‘HZR2’) in the
ripe period, and 17.91% (‘HZR1’)-21.12% (‘HZR3’) in
the dry samples from the ‘HZR3’ genotype. The highest
1-hexanol value was measured as 21.12% in the ‘HZR3’
genotype in the dried samples. Considering all ripening
periods for the goji berry genotypes, the lowest value in
the alcohol group was for phenol with a minimum value of
0.46% identified in the ‘HZR1’ genotype in the ripe period.
For the ketone group, the highest value was for 4-methyl-
6-heptane-3-one with values of 1.27% (‘HZR2’)-2.06%
(‘HZR1’) in the green period, 1.19% (‘HZR2’)-1.63%
(‘HZR3’) in the unripe period, 1.07% (‘HZR1’)-1.49%
(‘HZR?2’) in the ripe period, and 1.12% (‘HZR1’)-1.48%
in the dry samples from the ‘HZR2’ genotype. The highest
4-methyl-6-heptane-3-one value was measured in ‘HZR1’
genotype as 2.06% in the green period. Considering all
ripening periods for goji berry genotypes, the lowest value
in the ketone group was for neryl acetone, with a mini-
mum value identified as 0.97% in the ‘HZR3’ genotype
in the unripe period. In the ester group, the highest value
was for benzoic acid, 2-hydroxy-methyl ester, with values
of 3.37% (‘HZR2’)-3.94% (‘HZR1’) in the green period,
2.4% (‘HZR2’)-2.91% (‘HZR3’) in the unripe period, 1%
(‘HZR2’)-1.5% (‘HZR1’) in the ripe period, and 0.5%
(‘HZR3’)-2.41% (‘HZR2’) in the dried samples from the
‘HZR2’ genotype. The highest benzoic acid, 2-hydroxy-
methyl ester, the value was 3.94% measured in the ‘HZR’
genotype in the green period. Considering all ripening
periods of goji berry genotypes, the lowest value in the
ester group was for 3-hexene-1-ol acetate, with a minimum
value identified at 0.68% in the ‘HZR3’ genotype in the
dried samples.

The ‘HZR1’ cultivar was dominant in total ester and total
terpene, while the ‘HZR2’ cultivar was dominant with total
aldehydes and total alcohol. The highest percentage of total
ketone was in ‘HZR3’ (Fig. 2c). Results of the present study
showed that the ripening stages differ from each other in
terms of VOC content (Fig. 2d).

According to the results obtained, the percentages of the
different groups of VOCs were found to have a strong neg-
ative correlation between ‘“Total Ketone”, “Total Aldehyde”
and “Total Alcohol” and “Total Aldehyde” (p < 0.05). Also,
“Total Ketone” and “Total Alcohol” and “Total Ketone”
and “Total Ester” were positively correlated for ‘HZR1’

genotype with different ripening stages (green, unripe, ripe,
dried) for Table 3 (p<0.05) (Fig. 3d). “Total Alcohol”
and “Total Aldehyde” were negatively correlated (p <0.05),
while “Total Ester” and “Total Alcohol” were positively
correlated for the ‘HZR2’ genotype with different ripen-
ing stages (green, unripe, ripe, dried) for Table 3 (p<0.05)
(Fig. 3e). “Total Ketone” and “Total Aldehyde” were nega-
tively correlated for ‘HZR3’ genotype with different ripen-
ing stages (green, unripe, ripe, dried) for Table 3 (p<0.05)
(Fig. 31).

From the terpene group, 1-limonene was detected at
4.54% (‘HZR3’)-4.71% (‘HZR1’) in the green period,
5.60% (‘HZR2’)-5.80% (‘HZR1’) in the unripe period,
3.57% (‘HZR2’)-4.19% (‘HZR1’) in the ripe period, and
2.31% (‘HZR3’)-4.91% in the dried samples from the
‘HZR2’ genotype. The highest 1-limonene value consid-
ering different ripening periods was 5.80% in the unripe
period measured in the ‘HZR1’ genotype.

As seen in Table 2, the aroma components identified in
goji fruit with blue SPME were reported as 2-hexanol in
the aldehyde group and 1-hexanol and 1-octen-3-ol in the
alcohol group. Table 2 shows the aroma components in
goji fruit detected with red SPME including B-cyclocitral,
2-hexenal, and nonanal from the aldehyde group and 1-hex-
anol and L-linalool from the alcohol group. In a study about
the effect of volatile compounds on raw material used for
wine production with dry and fresh goji fruit, pressed and
glycosidase goji wine in China, basic component analysis
of the wine raw material found 20 esters, nine enzymes,
eight aldehydes/ketones, three acids, two alcohols, and
six other volatiles. The wine fermented from dried goji
fruit contained 56 volatile aromatic components, while
wine obtained from the fermentation of fresh goji fruit
was identified to contain 31 volatile aromatic compounds
(Yuan et al. 2016; Zhong et al. 2013). Research in China
to determine the organoleptic and aromatic properties of
wine obtained from fermented goji fruit obtained 75 peaks
and 57 volatile aroma compounds during analysis with
headspace-trap GC using an MS device. The components
included compounds like aliphatic alcohol, aliphatic alde-
hydes, aliphatic ketones, furan, and aliphatic hydrocarbon.
Among these 57 compounds, the compounds 1-hexanol,
1-octen-3-ol, limonene, nonanal, and beta-cyclocitral were
also identified in our study. Additionally, in this study,
acetic acid was the ingredient with the best peak (48.33%),
with 1-methoxy-2-propanone (8.84%), 3-hydroxy-2-bu-
tanone (9.99%), and ethyl lactate (12.97%) reported as
basic compounds. Another study using different SPMEs
(PDMS/DVB pink, DVB/CAR/PDMS gray) identified five
volatile aroma compounds in goji berry with the aid of
headspace SPME-GC isotope ratio mass spectrometry
(HSSPME GC-IRMS). The results of the analyses found
limonene, tetramethylpyrazine, safranal, geranyl acetone,
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Fig.3 According to the results obtained, the percentages of the different groups of volatile organic compounds (VOCs) were found to have a strong
negative correlation between TotalTerpene and TotalAldehyde and TotalAlcohol and TotalAldehyde and TotalEster and TotalAldehyde (p<0.05).
Also, TotalTerpene and TotalAlcohol and TotalTerpene and TotalEster and TotalAlcohol and TotalEster were positively correlated (p<0.05) (a).
TotalTerpene and TotalAlcohol were negatively correlated for the ‘HZR2’ genotype with different ripening stages (green, unripe, ripe, dried) for
Table 2 (p<0.05) (b). Also we have found a negligible correlation for the ‘HZR3’ genotype with different ripening stages for Table 2 (c¢). We
found a strong negative correlation between TotalKetone and TotalAldehyde and TotalAlcohol and TotalAldehyde (p<0.05). Also, TotalKetone
and TotalAlcohol and TotalKetone and TotalEster were positively correlated (p<0.05) (d). TotalAlcohol and TotalAldehyde were negatively cor-
related (p<0.05), while TotalEster and TotalAlcohol were positively correlated (e). TotalKetone and TotalAldehyde were negatively correlated
(p<0.05) (f). a Correlation among the volatile compounds of goji berry with blue solid-phase microextraction (SPME) (%) for the ‘HZR1’
genotype with different ripening stages (green, unripe, ripe, dried) for Table 2. b Correlation among the volatile compounds of goji berry with
blue SPME (%) for the ‘HZR2’ genotype with different ripening stages (green, unripe, ripe, dried) for Table 2. ¢ Correlation among the volatile
compounds of goji berry with blue SPME (%) for the ‘HZR3’ genotype with different ripening stages (green, unripe, ripe, dried) for Table 2.
d Correlation among the volatile compounds of goji berry with blue SPME (%) for the ‘HZR1’ genotype with different ripening stages (green,
unripe, ripe, dried) for Table 3. e Correlation among the volatile compounds of goji berry with blue SPME (%) for the ‘HZR2’ genotype with
different ripening stages (green, unripe, ripe, dried) for Table 3. f Correlation among the volatile compounds of goji berry with blue SPME (%) for

the ‘HZR3’ genotype with different ripening stages (green, unripe, ripe, dried) for Table 3

and p-ionone. In conclusion, the use of DVB/CAR/PDMS
gray was reported to provide better results compared to
PDMS/DVB pink SPME use (Meng et al. 2019). A study
completed by Lu et al. (2017) detected volatile aroma
compounds in goji fruit grown in the Ningxia region of
China with GC-MS, aroma dilution analysis, and gas chro-
matography-olfactometry using SPME DVB/CAR/PDMS
gray (Supelco Co., Bellefonte, PA, USA). According to
this study, of the 56 compounds they identified, 70-94%
were hexanal and (E)-2-hexenal. In our study, the results
obtained with SPME 85 um CAR/PDMS light blue (Su-
pelco Co., Bellefonte, PA, USA) and SPME 100 um PDMS
(Supelco Co., Bellefonte, PA, USA) identified 2-hexenal at
the highest level. According to the results of this study, the
general characteristic aroma compounds in goji fruit were
reported to be hexanal, (E)-2-hexenal, nonanal, isoamylol,
1-hexanol, 1-octen-3-ol, hexyl acetate, methyl salicylate,
ethyl octanoate, o-cymene, d-limonene, linalool, -cycloci-
tral, B-elemene, and 2-pentylfuran. Kim and Chung (2009)
identified 130 volatile compounds in a study on dried
Lycium chinensis Miller and obtained eight acids, 21 alco-
hols, 23 aldehydes, 10 alkanes, five aromatics, 15 esters,
seven furans, 21 ketones, three miscellaneous compounds,
two naphthalenes, three phenols, two pyrazines, and 10 ter-
penes. A study by Altintas et al. (2006) found hexadecanoic
acid (47.5%), p-elemene (5.4%), myristic acid (4.2%), and
ethyl hexadecanoate (4.0%) in oil samples obtained from
the fruit of Lycium barbarum, and heptacosane (14.3%),
ethyl linoleate (10.0%), hexacosane (7.0%), nonacosane
(6.2%), and ethyl hexadecanoate (5.8%) in the oil of fruit
obtained from L. ruthenicum. In this study, limonene 0.2%
was identified in oil obtained from the Lycium barbarum
species. The limonene data obtained in our study were
found to be higher than in the literature data.

Conclusions

In the study, considering the averages for the periods in
terms of protein content, the highest protein was obtained
in the green period, with the lowest protein in the ripe
period. When averages for genotypes in terms of protein
content are considered, the highest was obtained for the
‘M1 ALTUNI’ genotype, with the lowest identified in the
‘HZR1’ genotype. In this study, the genotype emerging in
terms of protein was the ‘M1 ALTUNI’ genotype.

Volatile compounds identified in goji fruits from differ-
ent ripening periods measured with the blue SPME fiber
identified the aldehyde group. At different ripening peri-
ods of goji fruit, the highest value in the aldehyde group
was for 2-hexenal in dried samples from the ‘HZR1’ geno-
type. Also, for the alcohol group in different ripening pe-
riods of the goji fruit, the highest value was for 1-hexanol
in the ripe period (‘HZR1’). The highest 1-hexanol value
was determined in the ‘HZR1’ genotype in the ripe pe-
riod. Additionally, for the ketone group considering differ-
ent ripening periods for goji berry, the highest value was
for 2-propanone in the green period (‘HZR2’). The highest
2-propanone value was obtained in the ‘HZR3’ genotype in
the green period. The highest acetic acid ethyl ester value
was identified in the ‘HZR’ genotype in the unripe period.
Additionally, considering different ripening periods of goji
fruit, the highest value for the terpene group was for methyl-
benzene in the green period (‘HZR1’).

Considering different ripening periods of goji fruit mea-
sured with red SPME, the highest value in the aldehyde
group was for 2-hexenal in the green period (‘HZR2’). The
highest hexenal value was determined in the ripe period
of the ‘HZR2’ genotype. Considering all ripening periods
of goji berry genotypes, the lowest value in the aldehyde
group was for 2-furancarboxaldehyde, with minimum val-
ues identified in the green period in ‘HZR2’ and ‘HZR3’
genotypes. Moreover, the highest value in the alcohol group
was for 1-hexanol values in the green period (‘HZR3’). The

@ Springer



L. Oguz et al.

highest was the 1-hexanol value measured in the ‘HZR’
genotype in the dried samples. For the ketone group, the
highest value was for 4-methyl-6-heptane-3-one values in
the green period (‘HZR1’). The highest 4-methyl-6-hep-
tane-3-one value was measured in the ‘HZR1’ genotype in
the green period. From the ester group, the highest value
was for benzoic acid, 2-hydroxy-methyl ester, with a value
(‘HZR1’) in the green period. The highest was benzoic acid,
2-hydroxy-methyl ester value was detected in the ‘HZR1’
genotype in the green period. From the terpene group,
1-limonene had values in the green period (‘HZR1’). The
highest 1-limonene value considering different ripening pe-
riods was identified in the ‘HZR1’ genotype in the unripe
period.

In conclusion, in terms of volatile compounds, 2-hex-
anal from the aldehyde group and 1-hexanol and 1-octen-
3-o0l from the alcohol group were among the leading aroma
compounds identified in goji fruit with the blue SPME. For
the goji fruit measured with the red SPME, B-cyclocitral,
2-hexenal, and nonanal in the aldehyde group and 1-hex-
anol and L-linalool from the alcohol group were the leading
aroma compounds identified in goji fruit.
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