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Abstract

The sun-dried method is popular for producing dried Sergestid shrimp in Vietnam, but maintaining
consistent product quality across seasons is challenging due to its dependence on weather conditions.
A previous study used convection drying at a laboratory scale. In this study, the laboratory scale was
upgraded to a commercial scale, and recovery efficiency and Sergestid shrimp images were recorded
during production stages. Parameters were adjusted for economic efficiency and convenience. Results
showed a decrease in recovery efficiency on the laboratory scale, while the commercial scale improved
with washing and blanching. Overall, there was no significant difference in recovery efficiency between
the commercial production (15.76 %) and laboratory scale (16.29 %). The commercial-scale dried
Sergestid shrimp exhibited better colour than the laboratory-scale product. The product met food
safety and quality criteria according to Vietnamese standards. Microorganisms such as Coliforms, E.
coli, B. cereus, C. perfringens and salmonella, and total number of yeast and mold spores, were not
detected in the product. On the other hand, the product of commercial production contained 256
kcal 100 g−1 of energy and a protein content of 55.50 ± 0.33 %. These findings form a foundation for
scaling up production and assessing economic feasibility. Adjusting production parameters using larger
equipment contributes to achieving optimal production efficiency and economic benefits.
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1 Introduction

Traditionally, fresh products have always had a
low shelf life because they contain a very high
water content (>80 %), which is a favorable en-
vironment for the growth of harmful microbes
(such as yeast and mold...). The nutritional qual-
ity or some of the bioactive ingredients in fresh
products are also significantly damaged. Previ-

ous nutrition studies have shown that products
with low moisture content have a significantly
longer shelf life than fresh produce. Biologically
active substances and nutrients are also changed
less during storage. Drying methods have been
used in many foods in the past to extend the
shelf life of foods (apple cashew slices (Dao et
al., 2022), soursop slices (Vu et al., 2022) . . . ).
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For fresh Sergestid shrimps, traditional sun dry-
ing is a common drying solution. However, this
method has affected food hygiene and safety due
to inadequate handling conditions. At the same
time, the quality of each production crop is not
uniform because it is highly dependent on cli-
matic conditions.
Sergestid shrimp (Acetes species) belongs to the
family Sergestidae. In Vietnam, they are of-
ten called “Ruoc” (Deshmukh, 1991) (Figure
1). In each country, they are called by a dif-
ferent name such as Geragau in Malaysia, Ala-
mang in the Philippines, Rebon in Indonesia and
Bubuk in Brunei. Currently, there are few stud-
ies on the production process of dried Sergestid
shrimp in Vietnam and the whole world. In par-
ticular, the scarcity of evaluations of material
recovery efficiency in commercial production is
worth mentioning. This study has been contin-
ued from a previous report on the production
of dried Sergestid shrimp on a laboratory scale
(Tran et al., 2022). Depending on the equipment
conditions and the total volume of materials in
each production scale, it is necessary to change
the appropriate conditions to improve economic
efficiency. A previous review mentioned that
changing the blanching parameters in commer-
cial scale production must be based on funda-
mental research (Xin et al., 2015). Scaling up
production can significantly affect the colour and
some of the nutritional components of functional
foods (Alkandari et al., 2021). A comparison be-
tween laboratory and commercial scale produc-
tion of grape juice indicated that product qual-
ity is better at a laboratory than a commercial
scale (Kozák et al., 2008). Changing the process-
ing scale and using different mixing equipment
can affect the quality of baked goods (Camp-
bell et al., 2008). In general, changing the pro-
cessing scale is significantly affected by external
factors, equipment, and process control capabil-
ities. Therefore, the parameters need to be ap-
propriately adjusted to ensure that the product
quality at commercial scale is equivalent to that
produced under optimal conditions in the labo-
ratory.
This study scaled up production from the lab-
oratory to the commercial scale and evaluated
the effect of the production stages on the prod-
uct recovery efficiency. At the same time, some

commercial-scale production process parameters
were changed to bring high economic efficiency
and product quality. In this study, a trial pro-
duction of 25 kg of product corresponding to
160 kg of raw materials was carried out on
a commercial scale using automatically/semi-
automatically operated equipment and machines.
Recovery efficiency was calculated, and descrip-
tions by a trained sensory panel and images of
Sergestid shrimp were recorded, through the pro-
cessing stages. The product was evaluated using
19 quality criteria, covering food safety, chemi-
cal composition and nutrition, as prescribed by
Vietnamese standards. The research results were
expected to be the basis for the development of
mass produced dried Sergestid shrimp products
(> 25 kg of product batch−1), and to promote
the concentrated production of dried Sergestid
shrimp on a commercial scale (25 kg of product
batch−1).

Figure 1: Sergestid shrimp (Acetes species).

2 Materials and Methods

2.1 Materials

Approximately 170 kg of raw material (fresh
Sergestid shrimp) was harvested along the
coast of Thanh Phu district, Ben Tre province
(9o56´53´´N 106o30´51´E). Raw materials, with
the following quality standards, were purchased
directly from fishermen: Moisture content (84.22
- 87.92 %) and average length (6.43 - 10.89 mm).
The maximum time from harvest to transport
to the processing facility is less than 4 hours.
Fresh Sergestid shrimp after exploitation is less
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crushed, firm, has a salty taste, a typical fishy
smell like fish and shrimp, and the level of con-
tamination is less than 1 %. Raw materials are
processed as soon as they are transported to the
factory.

2.2 Chemicals and equipments

Peptone from animal proteins, peptone from
glycine max (soybean), bovine bile, boron trifluo-
ride (96 %), casein from bovine milk, anhydrous
glucose (96 %), yeast extract (Saccharomyces),
peptone from animal tissue, KH2PO4 (99 %),
C21H39N7O12P, C12H22O11.H2O, bile salts, neu-
tral red (> 90 %), crystal violet (> 90 %),
dimethyl sulfoxide, 5-bromo-4-clo-3-indolyl-β-D-
glucuronid, tryptone, D-mannitol (≥ 98 %), phe-
nol red, polymyxin B sunfat, egg yolk emulsion,
sodium disulfite (97 %), Ammonium iron(III) cit-
rate (Fe = 16.5 - 18.5 %), magnesium sulfate
monohydrate (97 %), 2,6-dicloro-4-nitroanilin
(97 %), glycerol anhydrous (99.5 %), chloram-
phenicol (98 %), disodium hydrogen phosphate
dodecahydrate (> 99 %), potassium dihydrogen
phosphate (99 %), Potassium phosphate dibasic
(98 %), blue brilliant, xylose, lactose, sucrose
(99 %), sodium thiosulfate (98 %), cupric sul-
fate (99 %), potassium sulfate (99 %), sulfuric
acid (99.999 %), phenolphtalein, lead(II) acetate
(99.99 %), oxalic acid potassium salt (98.5 %),
potassium sodium tartrate (99 %), Iron(III) sul-
fate (97 %), potassium permanganate (> 99 %)
and nitric acid (69 - 72 %) were purchased from
Merk.
Plate count agar (PCA) and D-Xycloserin (99
%) were purchased in India. Beef extract was
purchased in Italy. Sodium hydroxide (99 %),
hydrochloric acid (36 - 38 %), sodium chloride
(99 %), di-sodium hydrogen phosphate dodec-
ahydrate (98 %), soy peptone, D-Glucoza (95 %),
potassium dihydro phosphat (99 %), L-lyzin hy-
droclorua, sodium deoxycholate (97 %) and di-
ethyl ete were purchased in China.
The equipment used in this study was as follows:
Moisture analyzer (MB120, Ohaus, Parsippany,
NJ, USA), electronic scales (JZC-TSE-30KG,
Kendy, Hiroshima, Japan), vacuum-packaging
equipment (DZ-650, Trung Dung, Ho Chi Minh,
Vietnam), atomic absorption spectrophotometer

(US), water activity meter with touch screen
(LabTouch-aw, Novasina AG, Lachen, Switzer-
land) and furnace (LT 40/11/B410, Nabertherm,
Hamber, Germany).

2.3 Total aerobic microorganisms

Dissolve 5 g of casein from bovine milk, 9 - 18 g of
plate count agar, 1 g of anhydrous glucose and 2.5
g of yeast extract (Saccharomyces) in 1000 mL of
water, and bring to a boil while stirring contin-
uously until completely dissolved, to create agar
A medium. Adjust the pH to 7.0 ± 0.2 at 25 °C
after sterilization (using NaOH or HCl). Steril-
ize the medium in a pressure cooker at 121 °C for
15 minutes. Then, cool and maintain a tempera-
ture of 44 °C to 47 °C. Mix 9 mL of peptone salt
solution (consisting of 10 g of peptone from ani-
mal tissue, 5 g of NaCl, 9 g of Na2HPO4.12H2O,
1.5 g of KH2PO4 and 500 mL of water) with 1
mL of sample to dilute the sample to a dilution
factor of 10 : 1. Further dilute as necessary to
obtain 10 to 300 colony-forming units on a plate
(at least 2 plates corresponding to 2 different di-
lution levels). Add 15 mL of medium and 1 mL
of diluted sample to each petri dish. Invert the
petri dishes immediately after the medium has
solidified. Incubate the sample for 24 hours at
35 °C and then count the colony-forming units
(Directorate for Standards, Metrology and Qual-
ity, 2015a).

2.4 Coliforms

Perform the same procedure as for determining
total aerobic microorganisms, but replace the A
medium with neutral red lactose agar (consist-
ing of 7 g of casein from bovine milk, 3 g of yeast
extract, 10 g of lactose, 5 g of NaCl, 1.5 g of
bile salts, 0.03 g of neutral red, 0.002 g of crystal
violet, 18 g of PCA and 1000 mL of water) (Di-
rectorate for Standards, Metrology and Quality,
2007).

2.5 Escherichia Coli (E. coli)

Perform the same procedure as for determin-
ing total aerobic microorganisms, but replace
the agar A medium with tryptone-glucuronide
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broth (consisting of 20 g of casein from bovine
milk, 3 mL of dimethyl sulfoxide, 1.5 g of bile
salts, 144 µmol of 5-bromo-4-chloro-3-indolyl-β-
D-glucuronide acid, 18 g of PCA and 1000 mL of
water). Incubate the sample after inoculation at
44 °C (Directorate for Standards, Metrology and
Quality, 2008).

2.6 Bacillus cereus (B. cereus)

Perform the same procedure as for determin-
ing total aerobic microorganisms, but replace
the agar A medium with Mannitol Egg Yolk
Polymyxin (MYP) agar. To prepare the MYP
agar, mix 1 g of beef extract, 10 g of tryptone,
10 g of D-mannitol, 10 g of NaCl, 0.025 g of phe-
nol red, 18 g of PCA and 90 mL of water. Add
1 mL of polymyxin B solution (consisting of 106
IU of polymyxin B sulfate and 100 mL of water)
and 10 mL of egg yolk emulsion to the mixture
(AOAC International, 1981).

2.7 Clostridium perfringens (C.
perfringens)

Perform similarly to the method of determining
total aerobic microorganisms. However, replace
the agar A medium with the sunfit cycloserin
(SC) medium made from a basic medium mixture
(including 15 g, peptone from animal proteins, 5
g soy peptone, 5 g yeast extract, 1 g sodium disul-
fite, 1 g iron (III) ammonium citrate, 18 g PCA
and 1000 mL water) and D-Xycloserin solution
(including 4 g D-Xycloserin solution and 100 mL
water) at a ratio of 10:1 (v v−1) (Directorate for
Standards, Metrology and Quality, 2005).

2.8 Total number of yeast and
mold spores

Perform the same procedure as for determining
total aerobic microorganisms. However, replace
the agar medium A with the agar medium di-
cloran glycerol 18 % (DG 18) (consisting of 5
g casein from bovine milk, 10 g D-Glucoza, 1
g potassium dihydrogen phosphate, 0.5 g mag-
nesium sulfate, 0.002 g dichloran (2,6-dichloro-
4-nitroaniline), 220 g glycerol, 15 g PCA, 10 mL

chloramphenicol solution 1 % (diluted in ethanol)
and 1000 mL distilled water) (Directorate for
Standards, Metrology and Quality, 2010).

2.9 Salmonella

Mixture B is prepared by diluting 25 g of the
sample in 225 mL of peptone buffer (BPW)
(containing 10 g peptone, 5 g NaCl, 9 g
Na2HPO4.12H2O, 1.5 g KH2PO4, and 1000 mL
water) and incubating at 35 °C for 18 ± 2 h. To
enhance growth in selective media, each 0.1 mL
of mixture B is mixed with 10 mL of Rappaport-
Vassiliadis soy broth (RVS) (containing 5 g pep-
tone from glycine max (soybean), 8 g NaCl, 1.4
g KH2PO4, 0.2 g K2HPO4 and 1000 mL wa-
ter), and then incubated at 41.5 °C for 24 ± 3
hours. Each 1 mL of the mixture is then mixed
with 10 mL of Muller-Kauffmann tetrathion-
ate/novobiocin broth (MKTTn) (containing 4.3
g meat extract, 8.6 g casein from bovine milk, 2.6
g NaCl, 38.7 g CaCO3, 47.8 g Na2S2O3.5H2O,
4.78 g bovine bile, 9.6 g blue brilliant and 1000
mL water) and incubated at 37 °C for 24 ± 3 h.
Each 10 µl of the inoculum in RVS and MKTTn
broth is spread on the surface of xylose lysine de-
oxycholate (XLD) agar (containing 3 g yeast ex-
tract, 5 g NaCl, 3.75 g xylose, 7.5 g lactose, 7.5 g
sucrose, 5 g L-lysine hydrochloride, 6.8 g sodium
thiosulfate, 0.8 g ammonium iron (III) citrate,
0.08 g phenol red, 1 g sodium deoxycholate, 18 g
PCA and 1000 mL water). The XLD plates are
then inverted and incubated at 37 °C for 24 ± 3
hours (Directorate for Standards, Metrology and
Quality, 2017).

2.10 Water activity (aw)

The water activity determination is based on the
principle of comparing the weight of a sample in
a dry state to that when the sample is immersed
in a high humidity environment. A water activ-
ity meter with touch screen (LabTouch-aw, No-
vasina AG, Lachen, Switzerland) is used to de-
termine the water activity (Directorate for Stan-
dards, Metrology and Quality, 2009b). Each 3 g
of sample is used for analysis, and the analysis
process is carried out at 25 °C.
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2.11 Moisture content

Determination of moisture content is based on
the principle of the difference in moisture content
between the initial sample and the dried sample.
Each 5 g of sample is used for analysis and the
moisture analyzer (MB120, Ohaus, Parsippany,
NJ, USA) is used in the evaluation (Directorate
for Standards, Metrology and Quality, 1990a).

2.12 Protein

Protein is determined based on the principle of
inorganic conversion of the sample with concen-
trated sulfuric acid, whereby nitrogen in the sam-
ple is converted into ammonium sulfate. Alkaline
is used to drive ammonia out of ammonium sul-
fate in a Kjeldahl flask, forming ammonium hy-
droxide, which is then quantified by acid titra-
tion.
The Kjeldahl flask contains a mixture of 0.5 g
sample, 1 mL catalyst mixture (CuSO4 : K2SO4)
(1 : 10 w w−1) and 10 mL concentrated H2SO4.
Inorganic conversion is performed until a clear
solution is obtained. Then, 50 mL distilled wa-
ter, 5 drops of 1 % phenolphthalein and 33 %
sodium hydroxide solution are added until the
solution in the flask turns pink. The mixture
is continuously distilled for 40 minutes. Sodium
hydroxide 0.1N is used to titrate the excess acid
in the receiving flask until the solution in the
flask changes from purple to green (Directorate
for Standards, Metrology and Quality, 1990b).
The blank sample is determined similarly, but
without the participation of the analyte sample.
Nitrogen content (X)% in food samples:

x(%) =
(V − V o)× C × 14× 100

m× 1000
(1)

%CrudeProtein = X × 6.25 (2)

Where: V: Volume NaOH 0.1N used for sample
titration (14mL); V0: Volume NaOH 0.1N used
for titration of blank sample (mL); C: Concentra-
tion of NaOH used for titration; and m: Sample
weight used for analysis (g)

2.13 Total fat

The fat content in the sample is extracted us-
ing diethyl ether solvent by the Soxhlet system.
The amount of fat is determined based on the
difference in sample weight before and after the
extraction process. Each 5 g of sample is used
for analysis and the extraction is carried out at a
temperature below 60 °C for 6 hours (Directorate
for Standards, Metrology and Quality, 2009a).

%Fat =
m2 −m1

m1
× 100 (3)

Where: m1 and m2 are the sample weight be-
fore and after the Soxhlet extraction process (g),
respectively.

2.14 Carbohydrate

Carbohydrate content is determined by subtract-
ing the total of protein, fat, moisture and ash
from the total weight of the sample (AOAC In-
ternational, 2002).

2.15 Energy

Energy values need to be calculated using the fol-
lowing conversion factors (Directorate for Stan-
dards, Metrology and Quality, 2015b) Table 1.

Table 1: Conversion factors (kcal g−1).

Nutrition Conversion factor (kcal g−1)

Carbohydrate 4
Protein 4
Total fat 9
Ethanol 7
Organic acids 3

2.16 Total ash

The ash content is determined by weighing the
remaining mass after ashing the sample at 525
°C ± 25 °C for 4 hours in a muffle furnace, and
each 10 g of sample is used for analysis (TCVN
10691:2015, 2015).
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2.17 Total sugar

Total sugar is extracted from the sample by hot
water and then hydrolyzed into glucose by hy-
drochloric acid. Glucose content is determined
by reactions with Fehling’s solution, iron (III)
sulfate and potassium permanganate. 20 g of
the sample and 125 mL of water are boiled in a
water bath at 80 °C for 15 minutes. 10 mL of
10 % lead acetate solution is added and shaken
to precipitate protein. Then, 10 mL of saturated
potassium oxalate solution is added and shaken
to remove excess lead. The filtrate is collected
and made up to 500 mL (V1). 100 mL (V2) of
the filtrate and 15 mL of HCl are boiled on a
water bath for 15 minutes. The mixture is neu-
tralized with 30 % NaOH and made up to 250
mL (V3). Each 25 mL (V) of sample is mixed
with Fehling’s A (dissolve 69.2 g of CuSO4 and 10
mL of H2SO4 in 1000 mL of distilled water) and
Fehling’s B (dissolve 346 g of potassium sodium
tartrate and 100 g of NaOH in 1000 mL of dis-
tilled water). The mixture is boiled for 3 min-
utes. The precipitate is filtered and dissolved
in 20 mL of 5 % iron (III) sulfate solution. The
solution is titrated with 0.1N potassium perman-
ganate until the solution turns into a stable dark
pink colour (Directorate for Standards, Metrol-
ogy and Quality, 1988).
From the volume (mL) of 0.1N KMnO4 used,
consult the Bertrand table to determine the cor-
responding amount of glucose (a). Calculate the
sugar content (A) as a percentage using the for-
mula:

A% =
a× V1 × V3 × 100

m× V × V2 × 1000
(4)

Where: a: Mass of glucose (mg) corresponding
to the volume of KMnO4 consumed; V1: Volume
of the volumetric flask used for protein reduc-
tion (mL); V2: Volume of the sample used for
hydrolysis (mL); V3: Volume of the volumetric
flask containing sample solution after hydrolysis
(mL); V: Volume of the sample solution taken
for the Fehling reaction (mL); and m: Sample
weight (g).

2.18 Crude fibre

Each 20 g of sample was used for the analysis.
After grinding and removing the fat, the sample

is boiled in sulfuric acid solution at a concen-
tration of 0.255 ± 0.005 mol L−1, followed by
separation and washing of the insoluble residue.
The remaining residue is then boiled with sodium
hydroxide solution at a concentration of 0.313 ±
0.005 mol L−1. This is followed by separation,
washing, drying at 103 ± 20 °C for about 3 to
4 hours, ashing at 500 ± 25 °C for 1 hour and
weighing the insoluble residue (Directorate for
Standards, Metrology and Quality, 1990c).

Y (%) =
m3 −m1

m2 −m1
× 100 (5)

Where: m1: Weight of the empty crucible (g);
m2: Weight of the crucible containing the ini-
tial sample (g); and m3: Weight of the crucible
containing the sample after ashing (g).

2.19 Calcium (Ca)

The sample is ashed and cooled. Then, 10 mL of
3M HCl is added and left for 10 minutes, filtered,
and made up to 100 mL with distilled water.
0.5M HCl is used to dilute the sample to a range
of acceptable analysis for calcium. Atomic ab-
sorption spectrophotometer is used to determine
calcium. Setting the main parameters: Wave-
length: 422.7 nm; Slit width: 0.7 nm; Measuring
peak height; Reading time: 3 seconds; Number
of repetitions: 5 times; and Flame mode: C2H2;
Flow rate, air/acetylene ratio (Air/C2H2 approx-
imately 8/2)
Setting the standard curve parameters: Calcium
standard solutions: 0; 1; 2; 4; 6; 8; and 10 mg
L−1 (AOAC International, 1999).

2.20 Iron (Fe)

The sample is ashed with a gradual increase of
temperature at a rate of less than 50 °C hour−1

and then cooled. 5 mL of 6M HCl is added and
evaporated to dryness. The residue is dissolved
in 30 mL of 0.1N HNO3. The sample is then mea-
sured using an atomic absorption spectropho-
tometer with flame AAS, and with the equation
of the standard curve: y = 0.0996x + 0.0016 (R2

= 0.9996).
Analytical conditions: Lamp current: 12.5 mA;
Wavelength: 248.3; Slit: 0.2 nm; Burner height:
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7.5 nm; Flame: Air-acetylene; Oxidant gas pres-
sure: 160 kPa; and Fuel gas flow rate: 2.2 L
min−1 (AOAC International, 1999).

2.21 Trans fat

Each 10 g sample is hydrolyzed with acid to ex-
tract the fatty acids. Pyrogallic acid is used
to minimize the oxidative degradation of fatty
acids during the analysis process. In this pro-
cess, triundecanoin (C11:0) is used as an inter-
nal standard to measure the quality of the anal-
ysis process. After extracting the fatty acids,
they are converted to esters and further pro-
cessed into methyl esters of fatty acids (FAMES)
using Boron trifluoride in methanol. The results
are measured and quantified by gas chromatogra-
phy (GC). C18:1 9trans, C18:2 9c12t, and C18:2
9t12c are identified as the most common trans
isomers in the sample, while C18:3 tct, cct, ctc,
and tcc 9,12,15 isomers are also found in some
samples at lower ratios (AOAC International,
1996).

2.22 Calculation of recovery
efficiency

The recovery efficiency of the stages was deter-
mined by the following formula:

H(%) =
S1

S2
× 100 (6)

Where: S1: Total weight of Sergestid shrimp be-
fore processing (kg); and S2: Total weight of
Sergestid shrimp after processing (kg).

2.23 Descriptive sensory
evaluation method

The sensory evaluation method was conducted
by 40 trained individuals in food sensory analysis
(students, research staff and lecturers, aged be-
tween 22 - 40 years old). Samples were encoded
and evaluated simultaneously in the sensory eval-
uation area with consistent external conditions.
The samples were evaluated by describing the
product through the following questions: What

is the colour of the product? What is the struc-
ture of the product? How does the colour and
structure differ between two production scales in
the same stage? The results were summarized,
synthesized, and then described in general about
the colour and structure of the product.

2.24 Data analysis

Data in this study was stored, and calcula-
tions carried out, using microsoft excel software
(Redmond, WA, USA). Each experiment was re-
peated 3 times (n = 3). IMB® SPSS® Statis-
tics software version 25 was used to compare
statistical analyzes at the 95 % confidence level
(TurkeyHSDa,b).

3 Results and Discussion

3.1 Effect of the production scale
on the recovery efficiency of
dried Sergestid shrimp

Laboratory- and commercial-scale production
has been carried out in five stages (Table 2).
Statistically significant differences in product re-
covery efficiency at the production stages of the
two production scales are shown in Table 2 (p
< 0.05). On the laboratory scale, 7 kg of fresh
and clean Sergestid shrimps, which had been
pretreated to remove impurities, was used for
blanching. After the washing process, the total
weight of the material was reduced by 18.58 %
due to the removal of small impurities and small
Sergestid shrimp particles. The significant pres-
ence of impurities after shrimp harvesting was
previously reported (Liu et al., 2016). On the
laboratory scale, the total quantity of materials
is small and is handled manually by dividing the
Sergestid shrimp weight for inspection. Impuri-
ties were easily detected and removed. Sergestid
shrimps, which are large, uniform and unbroken,
were selected. The process of absorbing water
into the mass on a laboratory scale was negligi-
ble because the material was broken down into
small blocks for washing. After removal from the
washing water tank, the water contained in the
small block of material was easily and quickly
drained out. The Van der Waals law explains
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this by the increase in the interaction force be-
tween two or more materials when the contact
space between them is reduced, and the time for
them to separate is increased (Margenau, 1939).
Therefore, the results showed that the mass after
washing was lower on a laboratory scale than on
a commercial scale. In contrast, on a commercial
scale, about 160 kg of material is washed with the
help of continuous conveyor washing equipment.
Dried plants, rocks and other seafood have been
removed.
However, whole materials of all sizes were re-
tained during this stage because of the difficulty
of manual sorting in large quantities, and re-
ported as fresh Sergestid shrimp after death, easy
denaturation of proteins and microbial invasion
(Ge et al., 2020).
The implementation of manual sorting in large
quantities will affect the quality of Sergestid
shrimps and negatively affect the economic ef-
ficiency of the enterprise due to the prolonged
time of material sorting. The effect of extended
pre-processing time on protein denaturation in
seafood is similarly reported (Cartagena et al.,
2021). The production process must be continu-
ous, leading to increased labour costs. The wash-
ing process has been fixed for a maximum time
of 60 minutes for both production scales to avoid
affecting the quality of raw materials and to op-
timise economic efficiency for businesses. After
washing the material on a commercial scale, the
weight of the material was significantly increased
by 1.1 times compared to the material before
washing. This increase is due to the large ab-
sorption of water into the total material. The
drainage in the raw material is low due to the in-
terference of many interwoven Sergestid shrimp
layers (Margenau, 1939). After this period, the
shrimp recovery efficiency reached 110 %, corre-
sponding to 193.6 kg of Sergestid shrimp. Fur-
thermore, both production scales used twice as
much rinsing water compared to the weight of
the material (2:1), and the same was repeated
twice to remove enough impurities on the sur-
face of Sergestid shrimps.
The recovery efficiency of the Sergestid shrimps
during blanching at both production scales had
a similar change to that of the washing process.
However, on the laboratory scale, the recovery
efficiency was higher after blanching than after

washing, which achieved 83.32 % corresponding
to a reduction of 0.95 kg of material. A previ-
ous report indicated that the blanching process
resulted in a reduction of protein, crude fat and
ash content in seafood, particularly due to sig-
nificant water loss (Omodara & Olaniyan, 2012).
The blanching process, with the effect of tem-
perature, increased the swelling rate. The mus-
cles of Sergestid shrimp were stretched (Shi et
al., 2019) and some proteins were denatured (Ge
et al., 2020), affecting the contraction of muscle
fibers and the meat tissue, and resulting in loss
of elasticity or breakage of muscle fibers (Binsi
et al., 2014; Shi et al., 2019). This increased
the water storage and drainage space in Sergestid
shrimp. The degree of attraction of free water in
the material to the environment increases at the
end of the blanching process. On the other hand,
in laboratory-scale production, the material has
been broken down into small blocks to perform
the blanching process. This further increases the
level of water loss in the material because the
material layers are not thick enough to store wa-
ter inside the block material (Margenau, 1939).
For commercial scale, large groups of Sergestid
shrimp have been involved in the blanching pro-
cess, where the amount of water in the material
has increased due to the absorption of water in-
side the Sergestid shrimp and the retention of wa-
ter in the group of Sergestid shrimp large (Mar-
genau, 1939). Recovery efficiency after blanch-
ing on a commercial scale increased by 1.1 times
compared to washing, which reached 110 % cor-
responding to 193.6 kg of Sergestid shrimp. The
drying process of Sergestid shrimp at both pro-
duction scales, to reach a moisture content of 18
- 20 %, showed a large difference in recovery ef-
ficiency. The drying equipment was upgraded
from a batch tray convection dryer to a contin-
uous conveyor convection dryer, which affected
the recovery efficiency of the Sergestid shrimp.
During the drying process on the laboratory
scale, the released amount of water in the ma-
terial was lower than in the commercial drying
process. Therefore, the moisture content of the
Sergestid shrimps on a laboratory scale is also
significantly lower. The practice of drying to
remove the water of the material to the same
moisture content resulted in more mass loss in
commercial than laboratory scale drying. There-
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fore, the commercial scale recovery efficiency of
15.25 % is 10.73 % lower than that of the lab-
oratory scale. However, in the drying process
by conveyor drying equipment, Sergestid shrimps
were moved by the impact of the conveyor belt’s
movement, which caused a significant loss of total
weight when Sergestid shrimps dropped off the
conveyor belt while in motion. On a commer-
cial scale, drying at 85 ± 5 °C showed no ma-
jor difference in organoleptic colour when com-
pared with drying at 70 ± 2 °C. However, the
drying time on a commercial scale was shortened
by about 15 minutes. This may be due to dif-
ferences in the movement of the drying tray and
drying temperature (Dao et al., 2022; Topuz et
al., 2009; Vu et al., 2022). The filter process
classifies the size of the dried Sergestid shrimps
to remove broken Sergestid shrimps. During the
drying process, the movement of the conveyor
belt had a physical impact on Sergestid shrimps,
resulting in the beards and legs of a number
Sergestid shrimps being broken. This results in
a lower recovery efficiency of the filtration pro-
cess at the commercial scale (89.92 %) compared
to the laboratory scale (96.8 %). The pack-
aging process was carried out manually for the
laboratory scale and semi-automatically for the
commercial scale. Both production scales had
Sergestid shrimp losses, with a total weight loss
ranging from 5 to 6 %. The recovery efficiency of
the whole process was not significantly different
between the laboratory scale (16.29 %) and the
commercial scale (15.76 %). A recovery efficiency
of 14.13 ± 0.17 % for small shrimps (Acetes), af-
ter drying at 80 °C, was similarly reported (Tran
et al., 2022).

3.2 The colour of the Sergestid
shrimps in both laboratory
and commercial scale
production

Fresh Sergestid shrimps were used in the pro-
duction of dried Sergestid shrimps on a com-
mercial and laboratory scale, which were har-
vested from the Ben Tre province. Standard
fresh Sergestid shrimps have a white colour cov-
ering the whole body and a tail which is light
pink (Vereshchaka et al., 2016). On both produc-

tion scales, the washing process made Sergestid
shrimps slightly opaque but they still retained
their characteristic white colour. As a result of
the long processing time, after Sergestid shrimps
die, the process of protein breakdown (autolysis)
in their bodies begins (Huang et al., 2021). In
this process, enzymes in the Sergestid shrimps’
bodies start to break down their protein net-
works, leading to the breakdown and dispersal of
proteins, which changes the original colour and
transparency of the Sergestid shrimps. During
autolysis, the Sergestid shrimps’ cells are also
broken down, causing water and other substances
to leak out of the cells. This leakage contributes
to the Sergestid shrimps becoming more opaque.
Furthermore, when Sergestid shrimps die, they
no longer have the mechanism to maintain the
transparency of their outer shell. Therefore, the
loss of the original colour is also a contributing
factor to the opacity of the Sergestid shrimps
(Gokoglu, 2021). Evaluation of the colour dif-
ference between the two production scales in the
washing process did not find a significant dif-
ference. After the blanching process, Sergestid
shrimps are ivory-grey and opaque, and the mus-
cles of Sergestid shrimp become softer and eas-
ily crushed or broken (Fernandez-Segovia et al.,
2003; Gavahian et al., 2019). Significant differ-
ences in the colour of Sergestid shrimps at the
two production scales were not found. After the
drying process, the Sergestid shrimps produced
on a laboratory scale were much broken and the
colour tended to turn more orange than on a
commercial scale. This may be due to the influ-
ence of the conveyor drying device, which helps
the material to be moved all the way in the dry-
ing chamber, with the heat source acting evenly
on all the materials to be dried. A previous re-
port on dried Acetes showed a similar colour at
the laboratory scale (Lu et al., 2011). After fil-
tration at both production scales, parts such as
antennae, legs and small fragments of Sergestid
shrimps were removed. The colour was not af-
fected by filtration at the production scale (Fig-
ure 2). Finally, Sergestid shrimps were vacuum
sealed and labeled.

IJFS May 2024 Volume 13 pages 72–89



82 Duc Vu et al.

Figure 2: The difference in appearance of Sergestid shrimp through the processing stages at two pro-
duction scales
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Table 3: The quality of dried Sergestid shrimp products as tested according to Vietnamese standards

No. Evaluation criteria Results Units

1 Total aerobic microorganisms 8.8 Ö 102 CFU g−1

2 Coliforms Not Detected (LOD=10) CFU g−1

3 E. coli Not Detected (LOD=10) CFU g−1

4 B. cereus Not Detected (LOD=10) CFU g−1

5 C. perfringens Not Detected (LOD=10) CFU g−1

6 Total number of yeast and mold spores Not Detected (LOD=10) CFU g−1

7 Salmonella Not Detected CFU 25 g−1

8 Water activity (25oC) 0.6260 ± 0.002 -
9 Moisture 20.80 ± 0.21 %
10 Protein 55.50 ± 0.33 %
11 Total fat 3.76 ± 0.04 %
12 Carbohydrate Not Detected (LOD=0.1) %
13 Energy 256 ± 5 kcal 100 g−1

14 Total ash 15.60 ± 0.13 %
15 Total sugar Not Detected (LOD=0.33) %
16 Crude fibre 3.31 ± 0.17 %
17 Calcium (Ca) 3 366 ± 56 mg kg−1

18 Iron (Fe) 20.70 ± 0.12 mg kg−1

19 Trans fat Not Detected (LOD=0.005) g 100 g−1

Noted: The results are expressed as mean ± standard deviation and the (n = 3) number of
replicates in each experimental parameter determined.

3.3 Quality inspection of dried
Sergestid shrimp products
according to Vietnamese
standards

The results of the nutritional quality and micro-
bial content tests in the dried Sergestid shrimp
products according to Vietnamese standards are
shown in Table 3. Nineteen important criteria
were evaluated according to the regulations set
out in the Vietnamese standards. Microorgan-
isms such as Coliforms, E. coli, B. cereus, C.
perfringens and Salmonella, and the total num-
ber of yeast and mold spores, were not detected
in the dried samples (LOD = 10 CFU g−1). A
regulation on the level of Coliforms in food re-
quires it to be less than 10 CFU mL−1 to en-
sure food safety (Martin et al., 2016). According
to the standards of the US Food and Drug Ad-
ministration (FDA), the maximum allowed level
of E. coli in seafood is 230 CFU g−1 (Colony
Forming Unit gram−1 ) (United States Public

Health Service, 2017). According to Vietnamese
standards and Codex Alimentarius, the allowable
levels of B. cereus and C. perfringens in food are
not more than 105 CFU g−1 and 103 CFU g−1,
respectively (CODEX STAN 234-1999). Total
aerobic microorganisms were found to be 8.8 Ö
102 (CFU g−1), which is lower than the total
number of anaerobic bacteria in previous dried
seafood samples (5 Ö 105 CFU g−1) (Bandara
et al., 2019).
Several nutritional parameters, such as carbohy-
drates, total sugar and trans-fat, were not found.
The water activity (25 °C) and the moisture con-
tent are 0.6260 and 20.8 %, respectively. Some
reports have indicated that water activity lev-
els from 0.52 to 0.64 may limit the growth of
microorganisms in food environments (Habib et
al., 2014). The indicators of protein, total fat,
energy, total ash, crude fibre, calcium and iron
are shown in Table 3. A report on Acetes species
at Versova, which shares similar properties with
Sergestid shrimps, revealed quite similar physic-
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Figure 3: Technological process for commercial production of dried Sergestid shrimp (160 kg).

ochemical values to the results of this study. The
moisture content after the drying process was
15.55 %, and the content of protein, ash and fat
were 63.76 %, 13.62 % and 6.03 %, respectively
(Keer et al., 2018). This difference may be due to
variations in their natural habitats, growth con-
ditions, and differences in family but belonging
to the same genus (Fry et al., 2016). The results
of the food safety quality assessment according to
Vietnamese standards were within the maximum
allowable number of microorganisms in the food
specified. At the same time, the results also in-
dicate the main nutrient content of the product,
which is produced on a commercial scale.

3.4 Commercial scale production
of dried Sergestid shrimp

Impurities associated with the harvesting process
(fish, crab, hay, stone particles...) were manually

removed after the Sergestid shrimps were trans-
ported to the factory. The technological process
of commercial production is shown in Figure 3.
The fresh Sergestid shrimps, after the removal
of impurities, were washed with water. A ratio
of water (kg): Sergestid shrimp (kg) of 2:1) was
used to maintain economic efficiency, by limit-
ing wastewater treatment, whilst removing most
of the impurities present on the material. The
fresh Sergestid shrimps were added to the tank
and stabilised for 30 seconds. The air valve sys-
tem was located at the bottom of the tank to
conduct aeration of the mix of materials. The
washing process was repeated 2 times to remove
the maximum impurities that have adhered to
the material. The blanching process is intended
to remove some microorganisms present on the
Sergestid shrimps (Fellows, 2022). At the same
time, rapid cooking minimises the change in nu-
trients and the chemical composition of the mate-
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rial due to the reduction of harmful microorgan-
isms and chemical changes in Sergestid shrimps
(Fellows, 2022). The washed Sergestid shrimps
were blanched with water at 70 ± 2 °C, and
the concentration of the saline solution was 4
% for 2 minutes with a water: material ratio
of 2:1. Zavadlav et al. (2020) reported the pre-
processing of seafood through a blanching pro-
cess at 70 °C for 2 minutes, (and the addition of
5 % salt to the blanching process was reported to
help maintain the colour of shrimp after drying
(Cyprian et al., 2017). The material was quickly
removed and drained by high-speed air blowing,
to remove blanching water, and thereby reduce
drying time. Then, it was placed on the high-
est floor dynamic conveyor, with a drying layer
thickness of 1-1.5 cm. After blanching, materi-
als are soft and easy to break (Fernandez-Segovia
et al., 2003; Gavahian et al., 2019) so continuous
drying equipment should be designed in conjunc-
tion with the appropriate blanching equipment
to limit losses. Floor drying equipment, with
a continuous motion conveyor, accelerates mois-
ture drainage of the fly and limits adhesion. Con-
vection drying is carried out at a temperature of
approximately 80 - 90 °C (Sappati et al., 2017).
The drying time depends heavily on the quantity
of input materials for each batch and the desired
moisture content of 18-20 % for stoppage of the
drying process. Adeyeye et al. (2017) reported a
fish drying process that reduced the final mois-
ture content to 15-18 %. After drying, the sorting
process selected Sergestid shrimps with a size >
8mm. Then, the Sergestid shrimps were cooled
to room temperature, weighed and placed in vac-
uum bags, with a weight of 100 - 500 g depending
on the order. Cooling before packaging helps to
prevent moisture condensation inside the packag-
ing, as moisture separation will still occur when
the material is hot and thus affect the shelf life
(Ergun et al., 2010). A single-chamber vacuum
device was used. The packages were then labelled
with product information and stored at a tem-
perature of 5 - 10 °C. A kinetic study of the dried
shrimp preservation process (10 °C) reduced the
degradation of astaxanthin and colour (Niamnuy
et al., 2008).

4 Conclusions

This study successfully evaluated the differ-
ence in recovery efficiency between laboratory-
scale and commercial-scale production of dried
Sergestid shrimp during processing stages. A
proposed processing procedure for 160 kg of dried
Sergestid shrimp (commercial scale) was devel-
oped with processing parameters and equipment
specified. The commercial scale dried Sergestid
shrimp (160 kg) met the food safety and hygiene
requirements according to the Vietnamese stan-
dards (for microbial and heavy metal content in
food). Nutritional values such as energy, pro-
tein, ash, fat, fiber, calcium and iron were evalu-
ated. The product was suitable for use as a food
for humans, and had an acceptable flavour and
guaranteed quality. However, the 160 kg pro-
duction scale is only suitable for processing at
small and medium-sized facilities. With increas-
ing consumer demand, there is a need for up-
grading to larger production scales. Upgrading
the production scale requires strict process con-
trol to minimize the occurrence of heavy metals
and microbes during processing. The processing
losses at the commercial scale are greater than
those at the laboratory scale. However, these
losses are not significant because the parameters
have been adjusted to minimize the reduction in
recovery efficiency. The research results help en-
hance knowledge about the process of producing
dried Sergestid shrimp at a 160 kg scale. The is-
sues causing material losses have been analysed,
and provide a basis for optimising the produc-
tion process, and thus improving the recovery
efficiency of dried Sergestid shrimp. The com-
mercial scale parameters have been adjusted to
achieve recovery efficiency equivalent to ideal lab-
oratory production conditions, which is the ba-
sis for protecting the product’s economic value.
At the same time, it provides consumers with a
product produced at a commercial-scale, which
ensures food safety and hygiene.
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Zavadlav, S., Blažić, M., Velde, F. v. d., Vig-
natti, C., Fenoglio, C., Piagentini, A. M.,
Pirovani, M. E., Perotti, C. M., Bursać
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