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Abstract

In this study, spray-dried double emulsion loaded bromelain was applied to Japanese Spanish mackerel fillets to
develop fish-type, elderly-friendly foods. Japanese Spanish mackerel, treated with spray-dried double emulsions,
were stored at 4°C for 24 h. For the characterization of emulsion particles, the particle size, {-potential, and mor-
phology were determined. The color, TBARS, VBN, TMA, hardness, and adhesiveness of fish fillets treated by
emulsion were measured for physicochemical properties. All the particle sizes of spray-dried emulsion were
decreased while their double emulsion structure was maintained. Spray-dried emulsion reduced the color difference
of fish fillets and did not catalyze lipid oxidation and protein decomposition. Values of TBA, VBN, and TMA of
all fish did not exceed 0.5 mg MDA/kg, 30 mg/100 g, and 10 mg/100 g, respectively, which are considered edible
limits regardless of bromelain or emulsion application. Bromelain modified fish fillets' hardness and adhesiveness to
be suitable for elderly food, although it was encapsulated in the emulsion. Thus, spray-dried fish oil W/O/W double
emulsion-loaded bromelain can be applied as a fish tenderizer, and this study’s results can be utilized to develop
elderly-friendly food.
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Table 1. Particle size and (-potential value of double emulsion
before spray-dried and after spray-dried and rehydrated
double emulsion before spray-dried and after spray-dried and
rehydrated double emulsion

[-] E-potential

D [3.2] (um) D 14,31 (um) (mV)
DE 25.68+0.85"  36.63£0.73°  36.00+2.43%
Bro-DE 27.04£1.34*  37.89+0.99* 22.07+1.27¢
Rehydrated DE 3.23+0.09° 16.76+1.98°  32.67+0.49°
Rehydrated Bro-DE  3.18+0.08°  4.67+0.13°  13.60+0.36°

DE, double emulsion; Bro-DE, bromelain encapsulating double emulsion.
*dMeans significant difference between experimental group (p < 0.05).

——DE

......... Rehydrated DE
=+ = Rehydrated Bro-DE

0.1 1 10 100 1000 10000
Size distribution (um)

Fig. 1. Size distribution of double emulsion- before and after
spray drying process. DE, double emulsion; Bro-DE, bromelain
encapsulating double emulsion.
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Fig. 2. Microstructure observation of double emulsion at magnification x1,000. DE, double emulsion; Bro-DE, bromelain

encapsulating double emulsion. (a) Feed DE, (b) feed Bro-DE, (c) rehydrated DE, (d) rehydrated Bro-DE.

Table 2. Color of spray-dried double emulsion powder treated Japanese Spanish mackerel

Treatment Storage duration (h) CIE L* CIE a* CIE b* AE
0 42.1241.22% 0.84+0.11* 3.23+0.30%
c 12 42.1143.67 -0.1340.55™ 1.40+0.63P 3.00+£0.90:®
24 39.50+1.16* 0.12+0.19® 2.30+0.41%® 2.96+0.95%8
48 34.92+1.17¢ 0.23+0.22%® 1.87+0.39¢ 7.37+£1.12*
0 42.1241.224 0.84+0.114 3.23+0.30%
12 43.3141.36™* 0.04+0.19%¢ 0.92+0.84°¢ 2.95+1.11%®8
M 24 43.3442 .59 0.59+£0.372<8 2.4140.538 2.314]1.8%8
48 36.5241.44%8 0.64+0.67* 2.15+1.35% 5.85+1.55%4
0 42.12+1.22"8 0.84+0.11* 3.23+0.30%
12 43.2745.13% 0.09+0.3%B 1.55£0.95%B 4.5343.05%
Bro-M 24 44.67+3.71 0,650,584 231415848 429+2.00"
48 38.4142.01® 0.24+0.14*® 1.28+0.39° 4.3241.80%*
0 42.1241.224 0.84+0.114 3.23+0.30%
12 42.78+0.86"* -0.554+0.17<¢ 1.314+0.48%C 2.594+0.49°4
DE bA beB aB bB
24 41.30+0.17 0.30+0.05 2.65+0.08 1.14+0.13
48 38.53+1.64% 0.30+0.16** 2.91+0.2%8 3.66+1.62%4
0 42.1241.22% 0.84+0.11* 3.23+0.30%
12 41.2341.69°8 0.23+0.34* 1.94+1.03%® 2.36+0.91%*
Bro-DE abBC aA aA abA
24 39.79+2.66 0.9+0.35 3.40+0.08 2.83+2.01
48 38.13+1.76* 0.1£0.08"® 2.19+0.35"8 4.2141.72%A

ADMeans significant difference between different storage duration with same experimental group (p < 0.05).

““Means significant difference between experimental group with same storage duration (p < 0.05).

C, control; M, maltodextrin; Bro-M, maltodextrin with bromelain; DE, double emulsion; Bro-DE, bromelain encapsulating double emulsion.
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Fig. 3. TBARS of spray dried double emulsion powder treated
Japanese Spanish mackerel. “°"Means significant difference
between different storage duration with same experimental group (p
<0 .05). *"Means significant difference between experimental group
with same storage duration (p < 0.05). C, control; M, maltodextrin;
Bro-M, maltodextrin with bromelain; DE, double emulsion; Bro-
DE, bromelain encapsulating double emulsion.
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Fig. 4. VBN of spray-dried powder treated Japanese Spanish
mackerel. “°"Means significant difference between different storage
duration with same experimental group (p < 0.05). **Means signi-
ficant difference between experimental group with same storage
duration (p < 0.05). C, control; M, maltodextrin; Bro-M, malto-
dextrin with bromelain; DE, double emulsion; Bro-DE, bromelain
encapsulating double emulsion.
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Fig. 5. TMA of spray-dried powder treated Japanese Spanish
mackerel. “®Means significant difference between different storage
duration with same experimental group (p < 0.05). **Means signi-
ficant difference between experimental group with same storage
duration (p < 0.05). C, control; M, maltodextrin; Bro-M, malto-
dextrin with bromelain; DE, double emulsion; Bro-DE, bromelain
encapsulating double emulsion.
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Table 3. Hardness and adhesiveness of spray-dried double emulsion powder treated Japanese Spanish mackerel

Storage duration (h)

Treatment
0 12 24 48
C 291144 220+30° 231368 23420%
M 2914144 158+21%C 299450 238457
Har(d‘)less Bro-M 2914144 142467 205+116% 129427
g DE 291144 2084178 307640 1994637
Bro-DE 291144 1514:408C 1862348 120432°€
C 0.18+0.10* 0.15+0.17° 0.08+0.13* 0.03+0.05
dhesiveness M 0.18+0.10* 0.05+0.06" 0.10+0.1° 0.03+0.06%
o) Bro-M 0.18+0.10 0.38+0.18 0.26:0.13* 0.45+0.25%
DE 0.18+0.10* 0.04£0.05" 0.23+0.06* 0.12:£0.04%5C
Bro-DE 0.18+0.10 0.38+0.15% 0.38+0.32° 0.3240.16™*

ACMeans significant difference between different storage duration with same experimental group (p < 0.05).
**Means significant difference between experimental group with same storage duration (p < 0.05).
C, control; M, maltodextrin; Bro-M, maltodextrin with bromelain; DE, double emulsion; Bro-DE, bromelain encapsulating double emulsion.
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