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INTRODUCTION 0@

In recent years, the utilization of pineapple by-products to extract bromelain has become an
iImportant research direction. It both enhances economic value and reduces environmental
impact. Vietnam produces more than 500 thousand tons of pineapple annually,
concentrated in Tien Giang, Kien Giang, Hau Giang, and Ninh Binh. Processing generates
large amounts of by-products such as peel, core, crown, and stem. These by-products
contain valuable bioactive compounds, especially bromelain - a highly active protease [1].
Pineapple by-products are a cheap and abundant source for bromelain recovery. This
provides a sustainable enzyme supply for food, pharmaceutical, and medical industries. At
the same time, it supports a circular economy with zero waste [2]. Domestic studies have
tested membrane filtration and spray drying. Results showed recovery efficiency above 49%
and enzyme activity around 1542 Ul/g [3]. Globally, the trend of using green solvents (NADES)
is gaining attention. Chiarelli et al. (2024) demonstrated that combining green solvents with
assisted technologies increases yield by 25%. It also reduces extraction time from 12 hours
to 90 minutes and lowers production costs [4]. Colletti et al. (2021) confirmed sustainable
methods retain over 80% enzyme activity [5].

Research Objectives

General objective: This study aims to investigate the characteristics of pineapple by-products
and evaluate the parameters of the bromelain extraction process using green solvents.
Specific objectives:

« Determine the physicochemical properties of each type of by-product.

« I[dentify the suitable by-product type and solvent for the extraction process.

« Determine the optimal NADES concentration for the extraction process.

« Determine the optimal ultrasonic intensity for the extraction process.

« Determine the optimal sonication time for the extraction process.

Materials and Methods

Materials
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Research methodology

1 Investigation of the physicochemical characteristics of pineapple by-products

2 Investigation of the effect of different solvents on the quality of extracts from each
type of by-product

3 Investigation of the effect of NADES concentrations on extract quality (NADES

concentration(%)(30, 40, 50, 60, 70, 80))
4 Investigation of the effect of ultrasonic intensity on extract quality

(Ultrasonic intensity % (20, 30, 40, 50, 60))

5 Investigation of the effect of ultrasonication time on extract quality (Ultrasound
duration(2, 4, 6, 8, 10) minutes)
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RESULTS

Table 1.1 Physicochemical characteristics of pineapple by-products

Sample Moisture content (%) TSS (°Brix) pH By-product proportion (%)

Stem 89,40+2.,492 1,81+0,099  5,72+0,282 3,5240,71¢
Crown 85,211,529 2,5040,10¢ = 4,94+0,22b 10,59+1,99b
Peel 85,35+2,562 3,73+0,21°  4,78+0,17° 31,95+2,842
Core 88,20+2,222 4,88+0,232  4,55+0,21° 6,00+0,73b¢
Peel Core
Figure 1.1 Visual representation of by-products from Queen pineapples.
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Figure 2.1 Soluble proteins in various solvents Figure 2.2 Enzyme activity with various solvents Figure 2.3 Specific activity of the solvents
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Figure 3.2 Enzymatic activity and specific activity at

Figure 3.1 Soluble protein at various NADES concentrations. _ :
various NADES concentrations.
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Figure 5.2 Enzymatic activity and specific activity

Figure 5.1 Soluble protein content at different sonication times. at different sonication times

Conclusion

The results showed that moisture content did not differ significantly among the types of by-products (p<0.05).
Total soluble solids (TSS) were recorded with differences between structural parts, in descending order: core >
peel > crown > stem. The average pH index varied, with the stem having the highest mean pH (5.72); however, the
differences among crown, peel, and core were not statistically significant (p>0.05). Among the by-products,
pineapple peel accounted for the largest proportion at 31.95+2.84. The solvent selected for subsequent
experiments was NADES, with the highest specific activity of peel bromelain in NADES (77.12 U/mg), confirming
the effectiveness of NADES in bromelain extraction. A NADES concentration of 70% (w/w) was optimal for
bromelain extraction from Queen pineapple peel, yielding the highest values of soluble protein (0.57+0.01), enzyme
activity (241.83+1.53), and specific activity (422.76+9.31). The survey (Figures 3.4-3.7) demonstrated that an
ultrasound intensity of 30% and a duration of 6 minutes were most suitable for the extraction process, with both
enzymatic activity and specific activity reaching peak values. This confirms that controlling ultrasound intensity
and duration is one of the key factors influencing the efficiency of bromelain extraction in NADES.
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