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Abstract Persimmon peels are mostly discared as a by-product of dried persimmon
manufacturing, but effective use is required as it contains various functional
constituents. This study covers the preparation of carotenoid-enriched oil by
ultrasound treatment of persimmon peel in soybean oil solvent, and the
investigation of its physicochemical characteristics. Using the Box-Behnken design
and response surface methodology, the optimal extraction conditions (temperature,
62T: time, 32 min: and persimmon peel to oil ratio, 1:3.1) were determined based
on the carotenoid concentration of the extract. The physicochemical characteristics
of the extract obtained under optimal conditions and the untreated soybean oil
(control) were compared. The total carotenoid content of the extract increased.
The carotenoid-enriched soybean oils had a lighter color than the controls, but
with high redness and yellowness values. The effect of sonication and a component
of the persimmon peel on the oxidation and heating stability of soybean oil was
weak. The viscosity and activation energy of carotenoid-enriched soybean oil were
slightly higher than those of the control. Thus, it was possible to prepare yellow-red
carotenoid-enriched soybean oil by applying ultrasonic-soybean oil solvent
extraction to persimmon peel. The oil is expected to be useful as an additive as
well as a substitute for general edible oils.

Keywords persimmon peel, ultrasound-assisted extraction, edible oil solvent, carotenoids,
soybean oil
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Processing of carotenoid-enriched oil from persimmon peels
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Table 1. The extraction condition of carotenoid using Box—Behnken experimental design and carotenoid content of persimmon peel

peel extract

No. Extraction temperature (C, Xi) Extraction time (min, Xy) QOil/sample (mL/g, Xs) Carotenoid content
Coded Actual Coded Actual Coded Actual et el

1 -1 20 -1 10 0 16 0.36

2 1 80 -1 10 0 16 0.70

3 -1 20 1 50 0 16 0.54

4 1 80 1 50 0 16 1.05

5 -1 20 0 30 -1 2 1.46

6 1 80 0 30 -1 2 6.10

7 -1 20 0 30 1 30 0.24

8 1 80 0 30 1 30 0.51

9 0 50 -1 10 -1 2 2.62

10 0 50 1 50 -1 2 3.87

" 0 50 -1 10 1 30 0.30

12 0 50 1 50 1 30 0.48

13 0 50 0 30 0 16 0.73

14 0 50 0 30 0 16 0.64

15 0 50 0 30 0 16 0.79
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CESO

control

Fig. 1. Photographs of carotenoid-enriched soybean oil. Control,
non-treated soybean oil; CESO, carotenoid—enriched soybean
oil prepared from persimmon peels by ultrasonic extraction
(627, 32 min, persimmon peel to oil ratio of 1:3.1).
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Table 2. Carotenoid content and color values of carotenoid-enriched soybean oil

Oil sample” Carotenoid content Color value

(mg/100 g oil) E o b c he
Control ND? 99.3510.02 -1.980.01 7.4410.01 7.6920.01 104.90£0.07
CESO 3.7540.32% 85.62+0.09™ 20.39¢0.11™ 140.61+0.2™ 142.08:0.25™ 81.750.04™

UControl, non-treated soybean oil; CESO, carotenoid-enriched soybean oil prepared from persimmon peels by ultrasonic extraction (62C, 32 min,

persimmon peel to oil ratio of 1:3.1).
IND, not detected.

NValues represent mean£SD (n=3). Means followed by three asterisks within columns are significantly different by t-test (p¢0.001).

9} Mahendrakar, 2005), B<XLi 5, 2013) 52 7-%-llA
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Table 3. Acid value and peroxide value of carotenoid-enriched soybean oil

Oil sample” Persimmon peel? Acid value (mg/g oil) Peroxide value (megq/kg oil)
Control 0.06+0.05” 9.67+2.36
CESO - 0.02£0.03 10.67£1.25

+ 0.07+0.03 9.67+1.70

UControl, non-treated soybean oil; CESO, carotenoid-enriched soybean oil prepared from persimmon peels by ultrasonic extraction (62C, 32 min,

)persimmon peel to oil ratio of 1:3.1).
2

NValues represent mean£SD (n=3).

-, treated without persimmon peels; +, treated with persimmon peels.

Table 4. Changes in acid value and peroxide value of carotenoid-enriched oil affected by oxidation treatment

Oil sample” A Acid value? (mg/g) A Peroxide value (meg/kg)

Non-treated Oxidation treated Non-treated Oxidation treated
Control 0.07+0.06? 0.10+0.10 1.2041.74 9.9315.01
CESO 0.03+0.06 0.03+0.05 0.30+0.26 7.83+2.25

UControl, non-treated soybean oil; CESO, carotenoid-enriched soybean oil prepared from persimmon peels by ultrasonic extraction (62°C, 32 min,

persimmon peel to oil ratio of 1:3.1).

JA Acid or peroxide value, (acid or peroxide value after oxidation treatment) - (initial acid or peroxide value before oxidation treatment).

Walues represent meanzSD (n=3).

a5 Bl 3, BEvtE FE59] AS} QHgAgL A&7
|ujjo] F7of oJ&A9l AFE Hol:= Fo=F
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Table 5. Viscosity of carotenoid-enriched soybean oil

Oil sample” Temperature ('C) n (mPa - sp? R?

Control 30 4.8 1.0000
40 29.0 0.9999
50 21.2 1.0000
60 16.3 0.9999

CESO 30 42.1 1.0000
40 294 0.9999
50 21.3 0.9999
60 16.4 0.9999

Control, non-treated soybean oil; CESO, carotenoid-enriched soybean oil prepared from persimmon peels by ultrasonic extraction (62°C, 32 min,

persimmon peel to oil ratio of 1:3.1).

2The viscosity values (n) were obtained from slope of the fit of experimental shear stress—the shear rate data for the Newton’s law of viscosity

equation (Eq. 3).

Table 6. Activation energy and thermal properties of carotenoid-enriched soybean oil

Oil sample” Activation energy Thermal property”

A? (x10° mPa - s) E, (kJ/mol) R® T, (C) T, (C) Te (C) Enthalpy (J/g)
Control 1.17 26.37 0.9980 151.93+8.67% 193.94+2.62 227.09£3.64 24.4315.42
CESO 1.14 26.47 0.9982 149.53+3.41 193.29+3.48 229.77£2.32 19.92+14.81

UControl, non-treated soybean oil; CESO, carotenoid-enriched soybean oil prepared from persimmon peels by ultrasonic extraction (62°C, 32 min,

persimmon peel to oil ratio of 1:3.1).

27 (pro-exponential factor), E, (activation energy) obtained from Arrhenius equation (Eq. 4) for the oil samples.

9T, onset temperature; T, peak temperature; Te, end temperature.
Nalues represent meantSD (n=3).
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