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Abstract: The effects of equivalent concentrations of both garlic and ginger separately in fresh and powder form in 
muscle proteins of liquid smoked silver carp (Hypophthalmichthys molitrix) during chilled storage were investigated for a 
period of 24 days. The control and the treated smoked fish samples were analysed periodically for liquid holding capacity, 
salt extractable protein, texture and sensory quality characteristics. The results showed loss of that liquid holding capacity, 
salt extractable protein content for all sample (P < 0.05), however more loss observed on ginger treated samples. Force 
required compressing or shearing the sample as hardness, decreased more in ginger incorporated samples (p < 0.05). 
Sensory parameters of odour, texture, and appearance for all samples decreased during the chilled storage period (p < 0.05) 
but were still within acceptable limits, except on texture of fresh ginger samples at day 24. The results obtained from this 
study suggest that ginger in fresh and powder form, have high negative impacts on texture properties and protein 
functionality of liquid smoked silver carp muscle stored at 4 ± 1°C.  
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1. Introduction

Silver carp (Hypophthalmichthys molitrix), a main 
farmed freshwater fish species and increasingly 
aquacultured worldwide, has attracted much attention in 
recent years owing to its fast growth rate, low feed demand 
and resistance to diseases[31], high quality nutritious 
protein (15–18%, w/w), excellent white color and low 
market price [12]. However, silver carp are perishable 
foods, which generally spoil faster than do other muscle 
foods. Spices, application has proven to be an effective 
preservation method for the extension of shelf life of fish, 
due to its natural antimicrobial and antioxidant properties 
[4, 11]. It is known that, some of spices have been also 
shown to have a powerful proteolytic activity; hence affects 
texture properties and protein functionality [6, 26, 28]. 

The texture of fish is an important quality characteristic, 
it determines consumer acceptance and hence the 
marketability of the final products [18], however, texture 
related problems, such as muscle softening and gaping, are 

frequently observed, due to the very delicate nature of fish 
muscle [13]. Firmness is an important aspect of fish quality 
as opposed to tenderness which is appreciated in meat 
consumption [9]. There is some evidence that in fish a 
relationship exists between harvest procedures and aspects 
of quality such as liquid holding capacity or texture. Little 
work has been focused on rheological properties of smoked 
fillets particularly on liquid-holding capacity [15]. 

Lipid and water together make up about 80% of fish 
muscle. Depending on the properties of the flesh and how it 
is treated, it may gain or lose water. This is important 
economically since fish is sold by weight. The content of 
water and its distribution within the flesh also affects the 
quality [19]. The `free' water, amounts to about 90% of the 
tissue water, is held by capillary and surface tension forces 
mainly in intracellular locations. Water holding capacity of 
muscle is greatly influenced by structural changes in the 
muscle proteins, fibril swelling-contraction and the 
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distribution of fluid between intra and extracellular 
locations [29]. Liquid losses during and after smoking have 
caused problems for the fish processing industry. When 
these liquid losses are apparent in the consumer packages, 
it is not acceptable for the producer, and even worse for the 
final customer [30]. 

The objectives of this study were to investigate the 
texture and liquid holding capacity behavior in muscle 
proteins of liquid smoked silver carp muscle treated with 
equivalent concentrations of two garlic and ginger 
preparations, (fresh and powder form) wrapped in 
aluminum foil during refrigerated storage. 

2. Materials and Methods 

2.1. Materials 

Fresh garlic bulbs (Allium sativum, Chinese white garlic) 
and Fresh ginger (Zingiber officinale, Chinese yellow 
ginger) were purchased from a local market. The dry skins 
of both fresh garlic and ginger were removed before use; 
then were peeled and crushed finely by using a kitchen 
hand held grater. Garlic powder and ginger powder were 
purchased from a supermarket. 4kg of produced garlic 
powder is weight equivalent to 16kg of fresh garlic; also 
2kg of produced ginger powder is the weight equivalents of 
10kg of fresh ginger, according to the manufacturer details. 

2.2. Preparation of Fish 

Silver carp (Hypophthalmichthys molitrix) with average 
weight of 815.12±14.55g were purchased from a local 
market (Wuxi, Jiangsu, China), transported within 1hour in 
sealed polystyrene foam boxes containing ice to the Food 
Processing Technology Laboratory at Jiangnan University, 
where processing were carried out, then randomly divided 
into 5 groups for further treatments after gutted, eviscerated, 
deboned, removed the scale, skin, pin bones, debris, and 
filleted. 

2.2.1. Sample Treatment and Brining with Liquid Smoke 

C: The samples without ginger and garlic treatment 
T1: 10g/Kg ginger powder was added on brine. 
T2: 50g/Kg of fresh ginger applied on fish for 4hours at 

4 ± 1 °C after brining. 
T3: 12.5g/Kg garlic powder was added on brine. 
T4: 50g/Kg of fresh garlic applied on fish for 4hours at 

4 ± 1 °C after brining. 
All samples above were immersed in brine containing 

10% sodium chloride and 1% of commercial liquid-smoked 
flavoring at a ratio of 1:1(w/w) for 4 hours at 4 ± 1 °C. 

2.2.2. Drying and Cooling of Samples 

All samples were dried in a thermo ventilated oven at 
75°C for 80minutes. After cooling at 20°C for 30minutes, 
the smoked products were, wrapped in aluminium foil, and 
stored at 4 ± 1 °C until analysis which performed in 
replicates on day 0, 6, 12, 18 and 24 of storage. 

2.3. Proximate Analysis 

A proximate composition analysis was performed on five 
fish samples on day 0 of preservation. Moisture content 
was measured using a gravimetric method by drying the 
sample in an air oven at 105°C until it reached constant 
weight [1]. Crude protein content was calculated by 
converting the nitrogen content determined by Kjeldahl’s 
method (6.25 × N). Fat was determined by the method 
described by the [7]. Ash was determined from the residue 
after burning in a muffle furnace at 525°C for around 18 h 
[1]. 

2.4. Determination of Salt Extractable Proteins (SEP) 

To extract SEP, 2g fish fillet was washed with 10mL 
phosphate buffer [I = 0.05, pH 7.5] twice, then centrifuged 
for 5min at 10,000 r/min and 4°C to remove the buffer, and 
homogenized with 30mL chilled (4°C) 0.6M KCl for 1min 
using a homogenizer (FW 2000, Fluko Co. Ltd, Shanghai, 
China), then the sample was placed in the fridge at 4°C for 
1h. The extract was centrifuged for 30min at 10,000 r/min 
and 4°C using a centrifuge (TGL-16A, Pingfan Instrument 
and Meter Co. Ltd, Changsha, China), and the 
concentration of salt extractable proteins was determined 
by biuret method using bovine serum albumin as a standard 
(Robinson and Hodgen,1940). KCl solution (0.6M) was 
used as blank. SEP was expressed as the ratio of protein 
content in the supernant to the mass of fillet, mg/ml. 

2.5. Liquid Holding Capacity 

The LHC was determined using the method described by 
[24]. Duplicate fillet samples (15 g) were weighed and 
placed in a tube with a weighted filter paper (V1) 
(Scheilcher & Schuell GmbH, Dassel, Germany). The tubes 
were centrifuged at 500 x g for 10 min at 10°C, and the wet 
paper was weighted (V 2) before drying at 50°C to constant 
weight (V3). The liquid loss as % was calculated as 100 x 
(V1– V 2) xS-1, where S=weight of fillet sample, water loss 
as 100x (V 2– V 3)x S-1 and fat loss as 100 x (V 3– V1) x S-

1. All losses were expressed as percentage of muscle wet 
weight. 

2.6. Texture Profile Analysis (TPA) 

Instrumental texture analyses were performed using a 
Texture Analyser TA-XT2 (SMS Ltd., Surrey, England) 
equipped with a 5 kg load cell. The probe was a flat-ended 
cylinder (12.5 mm diameter, type P/0.5). The force required 
to penetrating the cylinder through the fillet surface was 
registered. 

2.7. Determining Sensory Quality 

The sensory quality of liquid smoked silver carp was 
evaluated by 7 trained and selected assessors. Two smoked 
fillets per treatment were analysed in every session. 
Samples were cut in ca. fifty-gram pieces for every panelist 
and presented in plastic cups covered with a lid in random 
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order. The evaluation took place in separate booths under 
daylight illumination. The assessors were asked to evaluate 
the appearance, the freshness of the odour and the texture 
of the samples. A quality scale from 0 to 10 was used. A 
score of 10 was defined as excellent a score ≤ 4 was 
defined as very poor and unfit for human consumption and 
0 was defined as Very bad. Sensory evaluations were 
performed at each sampling time (day 0, 6, 12, 18, 24). 

2.8. Statistical Analysis 

For data analysis, analysis of variance (ANOVA) was 
used. Significant differences were defined at (P < 
0.05).Comparisons of group means were obtained using 
Duncan’s multiple range tests. All statistical analysis was 
performed using SPSS version 19.0 for windows software 
(SPSS Inc., Chicago, IL). 

3. Results and Discussion 

3.1. Proximate Composition 

The proximate composition of liquid smoked silver carp 
fillets determined in the initial fish samples before being 
treated with preservatives. The moisture, crude protein, 
lipid and crude ash contents produced from fish fillet were 
found to be 740.3 g kg−1, 179.8 g kg−1, 57.5 g kg−1 and 12.8 
g kg−1, respectively. The proximate composition of silver 
carp reported in different studies [17, 33] indicated some 
differences, especially for the lipid content and protein. 
Such differences in the composition of fish are strongly 
related to their nutrition, catching season (spawning cycles), 
environment, fish size and gender [23]. The compositional 
variations may lead to the changes in sensory attributes, 
and also can affect the microbial growth. 

3.2. Salt Extractable Protein 

The changes in the SEP content as an indicator of protein 
denaturation were presented in Fig. 1. It was found that 
SEP content of the frozen fish samples decreased 
significantly with increasing storage time (P < 0.05), 
similar trend was also observed in other fish muscle 
systems when spices are not incorporated [27, 38]. The SEP 
content of 6.79, 6.32, 6.02, 5.04 and 4.85 mgml-1 for 
T4,T3,C,T1 and T2 respectively were observed, and having 
been decreased  to,  after  24  day  of  frozen  storage,  
41.53, 30.54, 24.25, 20.24 and 14.84% of its initial SEP 
values, respectively. However, after day 6 of storage, the 
SEP content in garlic treated (T4 andT3) samples were 
significantly (P < 0.05) higher than in the C, T1 and T2 
samples. From the SEP results, noted that addition of 
ginger in a samples resulted to largest SEP loss throughout 
the storage time, compared to control samples, this result 
indicated that the higher protein denaturation and damage 
associated with the proteolytic activity of ginger 
incorporated [2, 20].The antioxidant efficiency of garlic is 

due to rich in organsulfur compounds and their precursors 
(allicin, diallyl sulfide and diallyl trisulfide) have biological 
actions to retard lipid oxidation [14, 22, 37], resulted to 
lowest SEP loss throughout the storage time for garlic 
incorporated samples, compared to control and ginger 
treated samples, since interaction between protein and lipid 
oxidation products, causing a decline of protein solubility 
[3,34]. The decrease in SEP for control samples during 
frozen storage could be resulted from the formation of 
hydrogen or hydrophobic bonds, as well as disulfide bonds 
and ionic interactions [5, 32, 36]. 

 

Figure 1. The changes in the salt extractable protein content of smoked 

silver carp during storage 

3.3. Liquid Holding Capacity 

It is well known that determination of LHC in meat and 
fish is important for economical reasons (weight decrease 
due to water loss) and for sensor y properties (colour, 
juiciness and tenderness; [30]. LHC of smoked fillets was 
significantly affected by addition of garlic and ginger 
(Table 1a, b, c). At (P < 0.05) liquid loss from smoked fish 
fillet for garlic incorporated smoked fillets was 
significantly lower than loss from smoked fish treated with 
control and ginger incorporated smoked fillets. Water loss 
of smoked fillets was low but significantly different 
between treatments. Fat loss from fish smoked fish treated 
with control and ginger incorporated smoked fillets were 
higher than those of garlic incorporated smoked fillets. Our 
results, therefore, indicate that  addition of ginger to 
smoked fish could cause low liquid holding capacity, since 
ginger proteases could extensively degrade several major 
cytoskeletal/myofibrillar proteins (titin, MHC, troponin-T, 
desmin and α-actinin), which could lead to the breakdown 
of the integrity of muscle structure [35], while lowest LHC 
for control samples contributed by several parameters, such 
as ionic strength, pH, temperature, detachment of 
sarcolemma, gaps in the extracellular matrix, widening of 
the intermyofibrillar space, and transversal shrinkage of the 
muscle fibres. Moreover, given that the majority of the 
water in the flesh is bound to the myofibrils, and that 
muscle LHC is linked to myofibrils spacing, cathepsins 
proteases having a significant impact on the protein content 
could potentially affect the LHC of the muscle [26]. 
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Table 1. a, b, c Liquid holding capacity measurements 

Parameter/ 

Treatment 

Storage period(days) 

0 6 12 18 24 

Liquid Loss (%) 
Control 

     

12.00±0.14aC 13.00±0.42baB 16.00±2.80cbBA 18.3±0.42dcB 21.8±1.13dB 

T1 13.00±0.88aD 14.70±0.75abC 16.80±0.58bBA 21.00±0.10cC 22.00±0.31cB 

T2 18.00±0.11aE 18.67±0.52aD 19.00±0.75aB 22.30±0.13bBC 24.70±0.45cC 

T3 8.30±0.06aA 13.00±0.95bB 13.00±0.52bA 13.30±0.57bA 13.50±0.35bA 

T4 9.60±1.21aB 11.30±0.82bA 13.80±0.13cA 14.00±0.14cA 14.70±0.23cA 

Water Loss (%) 
Control 

     

10.30±0.48aC 11.00±0.19bB 14.20±0.42cB 16.00±0.14dC 19.00±0.11eB 

T1 11.4±0.29aD 13.1±0.31baC 15.00±0.19bCB 18.00±0.32cD 19.7±0.34cCB 

T2 16.00±0.26aE 16.30±0.18aD 16.90±0.31aC 19.30±0.24bE 21.00±0.11bC 

T3 7.3±0.32aA 9.00±0.41bA 11.00±0.13cA 11.20±0.15dcA 12.00±0.16dA 

T4 8.80±0.21aB 11.00±0.16bB 12.00±0.04cbA 12.50±0.14cbB 13.50±0.11cA 

Fat Loss (%) Control 
     

1.60±0.32aCB 1.69±0.11aBA 1.70±0.23aA 2.30±0.14bBA 2.80±0.11cB 

T1 1.70±0.87aC 1.86±0.27baB 2.00±0.26bA 2.60±0.28cCB 3.00±0.11dB 

T2 2.10±0.12aD 2.50±0.27aC 3.00±0.30bB 3.10±0.36bD 4.00±0.01cD 

T3 1.30±1.75aBA 1.50±1.23aA 1.80±0.24bA 2.00±0.16bA 2.30±0.21cA 

T4 1.00±0.11aA 1.70±0.29bBA 1.80±0.11bA 2.10±0.71cDC 3.00±0.37cB 

a–e Means with different superscript letters in the same row indicate significant differences (p<0.05). A–E Means with different superscript letters in the same 
column indicate significant differences (p < 0.05). Data are expressed as means ± standard deviation (n = 2). 

3.4. Texture Profile Analysis (TPA) 

Texture profile analysis (TPA) was carried out to 
determinate the effect of spices on the texture of fish 
muscle during chilled storage. The texture of fish is an 
important quality characteristic, and soft fillets are a 
problem for the fish industry [10]. The initial hardness 
value of silver carp was in the range of 2761.49 to 
2850.349g. The hardness values were significantly 
(P < 0.05) higher in garlic incorporated fillets compared to 
control and ginger incorporated fillets, however the 
decrease of hardness values to all samples during storage 
noted (fig. 2), showing that muscle becomes softer. The 
highest hardness value for garlic incorporated smoked 
fillets is may be due ability of garlic to retard the 
development of peroxide values that is responsible for the 
increased tenderness. This conclusion was supported by the 
observation of a negative correlation between peroxide 
value and tenderness attribute [21, 22], while the lowest 
hardness values for control and ginger incorporated smoked 
fillets samples during frozen storage could be resulted from, 
enzymatic degradation that induces many physical 
mechanisms, among them gaping, which contributes to 
muscle tenderization. Proteases involved are primarily 
calpains, cathepsins, and collagenases. Calpains and 
cathepsins act on the myofibrillar proteins and promote 
myofibril fragility, and collagenases act on the connective 
tissue and contribute to gaping [8]. 

 

Figure 2. Texture profile analysis of smoked silver carp during storage 

3.5. Sensory Evaluation 

The results of the sensory evaluation of samples are 
given in fig 3a-c. As the results show the smoked samples 
were scored as excellent or good throughout the entire 
storage period except for fresh ginger incorporated samples 
on texture, scored very poor and unfit for human 
consumption at day 24 of storage. However  all samples 
showed a similar pattern of decreasing acceptability due to 
the spoilage patterns described by the panelists were as 
follows: softening of texture before off-odours developed 
and presence of bitter and rancid off-flavours, appearance 
score decreased as colour discolouration increased [11] 
reported similar trend. 

At the start of the storage test there were no significant 
differences in the odour or in the texture or appearance 
between the smoking treatments. After 12 days, garlic and 
ginger treated samples had a significantly higher mean 
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odour score than the control samples (Fig. 3a), may be 
resulted from antioxidant and antimicrobial effects of 
ginger and garlic, delayed lipid oxidation and microbial 
growth on smoked fish [16, 39]. 

After 12 days ginger treated samples had a significantly 
lower mean texture score than the garlic treated and control 
samples (Fig. 3b), may be caused by proteolytic activity 
ginger on collagen was found to be many fold greater than 
on actomyosin [25]. Garlic treated samples showed the 
highest degree of appearance after day 12 of storage (fig. 
3c). The acceptability of the taste of highly spiced food is 
transmitted both culturally and genetically, and the 
countries with hotter climates used spices more frequently 
and at much higher levels than countries with cooler 
climates [16]. 

 

Figure 3a. Odour of freshness of smoked silver carp during storage (Scale 

from 10 to 0 (10 excellent and 0 very bad). Rejection point 4). 

 

Figure 3b. Texture of smoked silver carp during storage (Scale from 10 to 

0 (10 excellent and 0 very bad). Rejection point 4). 

 

Figure 3c. Appearance of smoked silver carp during storage (Scale from 

10 to 0 (10 excellent and 0 very bad). Rejection point 4). 

4. Conclusion 

In general, ginger is usually considered as a spice or 
seasoning to enhance the aroma in meat products. However, 
the present study shows that ginger proteases could 
extensively degrade several major myofibrillar proteins in 

the ginger incorporated smoked fillets, which could lead to 
the breakdown of the integrity of muscle structure, hence 
affects texture properties and protein functionality. 
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