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Introduction:
Grapefruit (Citrus xparadisiL) is a delicious fruit used in the juice industry, and a large part,
about 50% of it, is thrown away as waste; however, citrus peels contain a vast number of
biologically active components that have unique health benefits and can be used for future
new pharmaceutical form development. Flavonoids can be found in different chemical forms;
one of the essential flavonoid groups in grapefruit flavanones naringin, and his aglycone-
naringenin with high biological activity, antioxidants, anti-inflammatory, metabolic diseases,
antivirus, neuroprotective, and antitumor effect.
This study aimed to obtain the highest yields of naringin and naringenin from fresh grapefruit
parts (albedo, flavedo, and segment epidermis) through various extraction methods with
additional hydrolysis.

Materials and Methods

Figure 1. Fresh Flavedo (A.), fresh Albedo (B.), 
fresh Segmental (C.) of Citrus xparadisiL

Methods Condition Hydrolysis

UAE 50 and 70 °C; 20 and 
30 min

AC*/AL*/T*

UAE* From 30,5 to 44°C; 
1,3,5 min

-

HRE 100 °C; 60min -

Table 1. AC* – acidic hydrolysis, AL*- alkaline hydrolysis, T*-
thermal hydrolysis.

Flavanones were extracted using different methods:
Ultrasound-Assisted Extraction Bath (UAE), ethanol concentrations (50% and 70% v/v); sonication time 20 and 30 min; temperature 50 and 70
°C, After that, several samples were obtained using ultrasound-assisted extraction bath combined with acidic, alkaline, and thermal hydrolysis.
The operational conditions for each extraction method are shown in Table 1.
Ultrasound-Assisted Extraction using an ultrasonic homogenizer (UAE*), ethanol concentrations 70% v/v; sonication time 1, 3, 5min; t °C from
30,5 to 44 °C;
Heat Reflux Extraction (HRE). ethanol concentrations 70% v/v; extraction time 60 min; t °C -100 °C.
The samples were centrifuged for 10 minutes at 4000 rpm and filtered through PVDF syringe filters (pore size of 0.22 µm) before HPLC
analysis.

Materials:
The grapefruit fruits (Star Ruby variety) were
collected from the local market in Mastaičiai,
Kaunas district, Lithuania.
The fruit were separated into the flavedo, albedo,
and segmental parts, then chopped with a food
processor and frozen in a freezer (18 ± 0.9 °C)
until extraction. Figure 1.

Results

Extraction 
Methods

Material Naringin mg/g Naringenin μg/g

UAE Flavedo 7.18 ± 0.359 -

Albedo 17.45 ± 0.872 4.63 ± 0.231

Segmental 5.65 ± 0.282 -

HRE Flavedo 5.16 ± 0.258 -

Albedo 14.17 ± 0.708 12.60 ± 0.63

Segmental 6.68 ± 0.334 35.80 ± 1.79

Flavedo 1.05 ± 0.0525 -

UAE* Albedo 6.67 ± 0.333 -

Segmental 6.38 ± 0.319 7.40 ± 0.37

UAE extraction method:
Naringin –The highest amount found from albedo part, with 50%
ethanol (v/v) as a solvent; ultrasonic time of 30 min at 50 °C, resulting in
17.45 ± 0.87 mg/g.
Naringenin was found only in the albedo, and its highest concentration
was detected using 70% ethanol (v/v) for 30 min at 50 °C, 4.63 ±

0.23µg/g.
HRE extraction method:
solvent 70% (v/v) ethanol, time 60 min, temperature 100 °C.
Significantly increase Naringenin from albedo - 12.60 ± 0.63 µg/g, and
segmental part - 35.80 ± 1.77µg/g.
UAE* extraction method:
maximum yield of Naringenin from the segmental part using 70% (v/v)
ethanol; from 33.5 to 40 °C; the amount of naringenin detected was 7.40
± 0.37 µg/g.
The result for each extraction method are shown in Table 2.

Table 2. Yield of flavanones recovered using different excretion methods

 Naringin mg/g Naringenin µg/g 

Extract 

ID** 

No 

hydrolysis 
AC* AK* T* 

No 

hydrolysis 
AC* AK* T* 

3-F 5.59 ± 0.279ᵃ 2.14 ± 0.10 3.36 ± 0.168 6.25 ± 0.312ᵃ - - - - 

9-A 17.39 ± 0.869ᵃ 11.39 ± 0.56 12.59 ± 0.629 25.05 ± 1.25ᵃ 4.57 ± 0.249 1.78 ± 0.089 - 1.87 ± 0.09 

15-S 5.26 ± 0.263ᵃ 6.39 ± 0.319 5.13 ± 0.256 11.07 ± 0.55ᵃ 0ᵃ 1.12 ± 0.065 - 4.21 ± 0.21ᵃ 
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Table 3. Yields of flavanones recovered using UAE extraction methods with and without 
hydrolysis

UAE extraction method with AC*,AL and T hydrolysis
The highest amount of aglycon naringenin was found in the segmental
part using thermal and acidic hydrolysis: 0 – 1,12 ± 0.056 µg/g – 4.21 ±
0.21 µg/g (UAE without hydrolysis, acidic, and thermal hydrolysis,
respectively).
Meanwhile, naringenin was not found during alkaline hydrolysis in
three samples from the flavedo, albedo and segmental parts.
Using thermal hydrolysis naringin yields were increased from 17.39 ±
0.869 mg/g to 25.05 ± 1.25 mg/g, and 5.26 ± 0.263 mg/g to 11.07 ± 0.55
mg/g using samples from the albedo and segmental parts Table 3.

Conclusions
The extraction yield depends on various factors, including the type, concentration, and amount of solvent used, its treatment time, and
temperature. For example, the effect of ethanol concentration (50% or 70% (v/v)) was analyzed, it was discovered that 70% (v/v) ethanol
produced better results in some cases. The samples taken from flavedo parts increased naringin from 14.79 ± 0.73 mg/g to 17.39 ± 1.10 mg/g and
naringenin from albedo part 3.36 ± 0.16 µg/g to 4.57±0.22 µg/g (50% and 70% (v/v) ethanol, respectively) (p < 0.05). Increase of the sonication time
resulted in a statistically significant increase of flavanones yield from the flavedo part, 14.79 + 0.73 mg/g to 17.45 + 0.87 mg/g and 3.36 + 0.168
µg/g to 3.55 + 0.17 µg/g (naringin and naringenin respectively). Meanwhile, using the combined method with hydrolysis (the UAE with thermal
hydrolysis), the naringin doubled in the segmental and the albedo parts 11.07 ± 0.55 mg/g and 25.05 ± 1.25 mg/g.
Most of the active compounds are extracted using the UAE and HRE methods from the Citrus xparadisiL. albedo and segmental parts, so these
parts are a promising material for further research and can be used to produce new pharmaceutical products.

AC* – acidic hydrolysis, AL*- alkaline hydrolysis, T*- thermal hydrolysis.

UAE - Ultrasound-Assisted Extraction bath, UAE*— Ultrasound-Assisted 
Extraction using an ultrasonic homogenizer; HRE—heat-reflux extraction. 


