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Abstract

In this study, the aim was to establish a pre-treatment process to utilize citrus pomace (CP) as a high-value-added material. Frozen
CP was thawed under various conditions, including at room temperature, using ultrasound, and immersion at 25C and 70T, and
samples from each thawing group were assigned to a non-washed (NW) or a washed (W) group. The samples in the W-CP groups
were drained, and all samples were powdered after hot air drying. The samples in the NW-CP groups had a two-fold higher drying
yield of CP powder, a significantly lower pH (4.20-4.26), and a higher soluble solids content (1.1-1.3°Brix) than the samples in the
W-CP groups. Interestingly, the samples in the W-CP groups had significantly higher swelling capacity (8.18-8.53 mL/g), water
absorption index (7.61-7.85 g/g), water holding capacity (8.92-10.30 g/g), and oil holding capacity (2.09-2.30 g/g) than samples
in the NW-CP groups (p<0.05). Conversely, the thawing method only significantly affected the thawing rate of the CP, but it did
not significantly affect the properties of the CP powder. The results of this study provide basic data for the industrialization and
resource utilization of CP, and they suggest that various pre-treatment processes can influence CP standardization.
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Table 1. Proximate composition, mycotoxin, and heavy metal of citrus
pomace

Category Traits Results
Moisture 79.80

Crude protein 1.38

Proximate composition (%) Crude fat 0.27
Crude fiber 2.48

Crude ash 0.59

Aflatoxin ND

Mycotoxin (ppb)

Ochratoxin ND

Lead (Pb) ND

Cadmium (Cd) ND

Arsenic (As) ND

Heavy metal (ppm)

Mercury (Hg) ND

Chromium (Cr) ND

Fluoride (F) ND

ND: not detected.

Freezing
(500 g/unit, -18°C)

Thawing

(Core temperature: 4°C)

I
| }

Washing
(1:10 w/v, S min)

}

Draining
(16 mesh, 30 min)

Non-washing

}

Hot Air Drying
(60°C, 8 h)

}

Grinding
(40 mesh)

l

Citrus Pomace Powder

Fig. 1. Manufacturing process diagram of citrus pomace powder according
to various pre—treatment conditions.
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Fig. 2. Thawing curve (A) and thawing rate (B) according to thawing
methods of citrus pomace. RT: room temperature, US: ultrasonic, 125:
immersion at 25, 170: immersion at 70°C. Different letters indicate
significant differences between different samples (2{0.05).
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Fig. 3. Drying curves of citrus pomace according to pre-treatment
conditions (thawing and washing) by drying time. NW: non-washing (A)
and W: washing (B). RT: room temperature, US: ultrasonic, 125: immersion
at 25°C, 170: immersion at 70C.
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Table 2. Drying yield of citrus pomace under various pre-treatment conditions

Washing conditions?  Thawing methods? Drying yield (%)

RT 19.88

us 19.92
NW

125 19.95

170 10.88

RT 10.86

us 10.77
W

125 10.36

170 10.18

UNW: non-washing, W: washing.
?RT: room temperature, US: ultrasonic, 125: immersion at 25°C, 170: immersion at 70°C.
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Table 3. Water activity and moisture content of citrus pomace powder
under various pre-treatment conditions

Washing Thawing Water activity Moisture content
conditions” methods? (aw) (%)
RT 0.235+0.004  8.87+0.35"
Us 0.253+0.007° 8.67+0.59*
W 125 0.243+0.003*  867+0574
170 0.225+0.002° 8.23+0.76
RT 0.316+0.008"  4.77+0.31°
us 0.255+0.003°  5.10+0.60°
" 125 0.234+0.006®  4.27+0.64°
170 0.222+0.012°  4.23+0.60°

UNW: non-washing, W: washing.
2RT: room temperature, US: ultrasonic, 125: immersion at 25, 170: immersion at 70°C.
%Different letters indicate significant differences between different samples (X0.05).
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Table 4. pH and soluble solids of citrus pomace powder under various
pre—treatment conditions

Washing Thawing H Soluble solids
conditions” methods? p (°Brix)

RT 4.26+0.00% 1.10+0.00*
us 4.24+0.018 1.10+0.00*

NW
125 4.23+0.00° 1.13+0.06"
170 4.20+0.02° 1.13+0.124
RT 4.46+0.03" 0.50+0.00°

W us 4.46+0.03" 0.57+0.06°
125 4.46+0.03" 0.50+0.00°
170 4.46+0.05" 0.50+0.00°

UNW: non-washing, W: washing.
2RT: room temperature, US: ultrasonic, 125: immersion at 25°C, 170: immersion at 70°C.
9Different letters indicate significant differences between different samples (X0.05).
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Fig. 4. Appearance (A), lightness (B), redness (C), and yellowness (D) of citrus pomace powder according to washing conditions (NW: non-washing and
W: washing) and thawing methods (RT: room temperature, US: ultrasonic, 125: immersion at 25°C, and 170: immersion at 70°C). Different letters indicate

significant differences between different samples (2{0.05).
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Fig. 5. Bulk den3|ty (A), swelling capacity (B), water absorption index (C), water solubility index (D), water holding capacity (E), and oil holding capacity
(F) of citrus pomace powder according to washing conditions (NW: non-washing and W: washing) and thawing methods (RT: room temperature, US:
ultrasonic, 125: immersion at 25°C, and 170: immersion at 70°C). Different letters indicate significant differences between different samples (£X0.05).
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