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Abstract:    In recent years, China has become an increasingly important and the largest chestnut producer in the world. This study 
aimed to evaluate the nutritional value and microbiological quality of the roasted freeze-dried Chinese chestnut (Castanea mol-
lissima) (RFDC) coated with dark chocolate (DCC) and milk chocolate (MCC) for industrial use and commercial consumption. 
Chocolate coating significantly improved the nutritional value of chestnut. RFDC had high levels of starch (66.23%) and fibers 
(3.85%) while DCC and MCC contained significantly high amounts of sucrose, protein, fat and minerals. Furthermore, the protein 
content doubled in MCC rather than in DCC. This could be attributed to the different formulations in the two products. Milk 
powder and whey protein constituted the source of protein in MCC while cocoa powder added to MCC formulation constituted an 
additional source of minerals. The amino acid profile showed differences in amino acid composition related to the sample’s protein 
content, indicating their good nutritional quality. The moisture contents in all RFDC, DCC and MCC were suitable for industrial 
processing. These results provide information about the additional nutrients of chocolate-coated chestnut and confirm that the 
product is an interesting nutritional food. The combination of freeze-drying and chocolate-coating generally results in greater 
reductions on microbiological loads, extending shelf life of harvested chestnut for commercial application. This is an alternative 
strategy to add value to chestnut, minimizing the significant losses in harvested fruits and providing a wider range of choices of 
new products to the consumer disposal. 
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INTRODUCTION 

 
Chestnut (Castanea sp.) is an important nut crop 

in the world. China is the main producer of chestnut 
with 825 000 million tons in 2005 (FAOSTAT, 2005), 
which accounted for 73% of the world’s total pro-
duction, yet, in 2002, Asia ranked highest (44.3%) in 
the world production of chestnut, of which China 
produced 49.4% (Bounous, 2002). Chestnut has a 
short shelf life due to its high moisture and sugar 
content (Attanasio et al., 2004). In China, 1/3 of the 
annual chestnut harvest is exported to Japan (Vossen, 
2000), and the remaining proportion is mainly roasted 
and consumed locally, during which a large part is 
damaged, causing a great economic loss. Therefore, 

designing and application of an edible coating suit-
able for processed chestnuts are an effective and 
promising way to improve the shelf life of product 
and to add the nutritional value for commercial pro-
duction purposes. 

Our previous investigations revealed that the use 
of whey protein isolate-pullulan (WPI-Pul) coating 
was effective in the control of overgrowth of spoilage 
organisms and surface discoloration of roasted 
chestnuts (Gounga et al., 2008). Besides, WPI-Pul 
coating improved greatly the sensory attributes of 
fresh and dried chestnuts (Gounga et al., 2007a). 
Furthermore, the double coating with chocolate was 
shown to be satisfactory in improving the quality and 
increasing the shelf life of chestnut, hence providing a 
wider range of choices of new products at the con-
sumer’s disposal (Gounga et al., 2007b). However, 
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consumers expect food to be safe and more nutritious. 
Chocolate is a highly nutritious energy source, 

with a fast metabolism and good digestibility. The 
presence of cocoa, milk and sugar in its composition 
can be the warrant for an appropriate ingestion of 
proteins, carbohydrates, fats, minerals and vitamins 
(Campos and Benedet, 1994). 

The composition of nutrients in food in general 
and new processed food in particular may change for 
many different reasons. Some of the sources of 
variation are biological, such as variety of plant, 
pre-harvest cultural practices, as well as seasonal and 
annual factors. Other factors are related to differences 
from post-harvest, storage and processing (Torelm 
and Danielsson, 1998). It has been so far reported that 
chestnuts are an interesting healthy food due to their 
biochemical and nutrient composition (Borges et al., 
2008), and the addition of new components consid-
erably modifies the nutritional value of their initial 
raw material and microbiological quality. This work 
aimed, therefore, to evaluate the nutritional change of 
the roasted freeze-dried Chinese chestnut (RFDC) 
after chocolate-coating and its microbiological quality 
during storage. 

 
 

MATERIALS AND METHODS 
 

Sample preparation 
Freshly roasted Chinese chestnuts were pur-

chased from a local chestnut shop (Jinliwang, Wuxi, 
China), peeled at room temperature and frozen at −20 
°C in a Haier freezer (Haier Co., Ltd., Shanghai, 
China) for 72 h. The fruits were then dried for 72 h 
using a freeze-dryer (Labconco Corporation, Kansas, 
USA), sealed up in high density polyethylene bag and 
kept in a desiccator containing silica gel until further 
use. 

Whey protein isolate (WPI) (New Zealand Milk 
Products, Fonterra Ltd., Auckland, New Zealand) and 
pullulan (Pul) (Food Ingredients Hayashibara Shoji, 
Inc., Okayama, Japan) were dissolved in distilled  
 

 
 
 
 
 

water at a 10:1 (w:w) ratio of WPI:Pul to prepare a 
7% (w/v) WPI-Pul coating solution. The solution was 
heated at 90 °C for 30 min in a water bath with stirring 
and pH was adjusted to 7.0 using 1 mol/L NaOH. The 
denatured solution was then cooled down to ambient 
temperature and glycerol (Gly) added as plasticizer to 
avoid coating brittleness at an optimum WPI:Gly 
ratio of 3.6:1 (w:w) (Gounga et al., 2007c). The so-
lution was degassed using an ultrasonic oscillator.  

The prepared freeze-dried chestnuts were dipped 
into coating solution for 30 s. Residual solutions were 
drained off and the coated fruits were dried at room 
temperature using a fan for 30 min. The WPI-Pul- 
coated chestnuts were further coated separately with 
dark chocolate and milk chocolate. Dark chocolate 
and milk chocolate were prepared according to the 
formulations in Table 1. The schematic flow diagram 
of the formulation preparation of the chocolate-coated 
chestnut is summarized in Fig.1. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Table 1  Recipes used for the formulations of the dark chocolate and milk chocolate 
Ingredients (%) Chocolate 

Cocoa mass Cocoa butter Cocoa powder Sucrose Milk powder Whey powder Soy lecithin Vanillin
Dark chocolate 45.00 13.50 − 41.05 − − 0.40 0.05
Milk chocolate 10.00 29.55 8.00 33.50 14.00 4.50 0.40 0.05

Fig.1  Flow chart for the production of chocolate-coated
chestnut 
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Nutritional evaluation 
Freeze-dried chestnuts and chocolate-coated 

chestnuts were ground separately in a grinder and 
homogenized. Samples were tested in triplicates for 
all measurements. 

1. Moisture. Moisture content was gravimetri-
cally determined by drying a sample in an oven at 105 
°C until constant weight was obtained (Chinese 
Standard GB/T 5009.3-2003). 

2. Protein. The Kjeldahl method was used to 
determine total nitrogen content (Chinese Standard 
GB/T 5009.5-2003). The percentages of nitrogen 
were converted to protein content in percent by mul-
tiplying a conversion factor of 4.86, as reported by 
Lamelas (2000) for Galician chestnuts. 

3. Fat. Fat was analyzed by the Soxhlet extrac-
tion method (Chinese Standard GB/T 5009.6-2003). 

4. Crude fiber. Crude fiber is the acid and al-
kali-insoluble residue that was analyzed according to 
the Chinese Standard GB/T 5009.10-2003. 

5. Ash. Ash content was determined by gravim-
etric measurement of the sample residue after ignition 
in an oven at 512 °C to constant weight (Chinese 
Standard GB/T 5009.4-2003).  

6. Starch. The quantitative analyses of starch 
were assessed by an enzymatic procedure according 
to the AOAC (1997) method. One gram of milled 
sample was washed with aqueous ethanol and 
pre-treated with dimethyl-sulphoxide at 100 °C to 
disperse starch before analysis. Then the samples 
were incubated with 1.0 ml thermostable α-amylase 
and amyloglucosidase to hydrolyse the starch at 50 °C 
for 30 min using sodium acetate buffer at pH 4.5. The 
solution was heated at 100 °C for 20 min to deactivate 
the enzymes. Glucose was determined by spectro-
photometric measurement at 540 nm (Model 
UV-1100, Rui Li Analytical Instrument Co., Beijing, 
China). 

7. Sucrose, glucose, fructose and galactose. 
Glucose, sucrose, fructose and galactose contents 
were determined using high performance liquid 
chromatography (HPLC), after drying and hydroal-
coholic extraction (70/30, v/v). A dry sample (0.3 g) 
was introduced in an Erlenmeyer flask of 10 ml, and 
then a hydroalcoholic solution at 70% (v/v) added, 
before putting on the top and introducing it in an 
ultrasound bath for 30 min at 60 °C. Then it was 
centrifuged at 5000 r/min for 20 min. The supernatant, 

which contains the sugars of this first extraction, was 
filtered trough a 0.45-µm filter before analysis by 
HPLC. The analytical column was Sugarpack-1 (6.5 
mm×300 mm i.d.). The mobile phase was water with 
0.4 ml/min flow rate. The column oven was kept at 85 
°C. The volume of the injection was 10 µl. 

8. Amino acid composition. A modified method 
of AOAC 982.30a (AOAC, 1990) was used for amino 
acid analysis. The 0.5 g of dried sample was hydro-
lyzed with 8 ml of 6 mol/L HCl under vacuum at 110 
°C for 22 h. After cooling, the hydrolysate was 
washed with distilled water, filtered (Whatman No. 2) 
and dried at 60 °C (also under vacuum) in a rotary 
evaporator. The dried sample was then dissolved in 
0.01 mol/L HCl. The amino acids in the hydrolysate 
were separated and quantified by injecting 1 μl into an 
Agilent 1100 HPLC equipped with HP Hypersil ODS 
column (125 mm×4.6 mm×5 μm) and fluorometric 
detector. The flow rate was 1.0 ml/min and the col-
umn temperature was 40 °C.  

 
Microbiological analysis 

Microbiological analysis was conducted on dark 
chocolate-coated chestnut (DCC) and milk choco-
late-coated chestnut (MCC) stored at two different 
conditions [7 °C, (82±5)%RH (relative humidity) and 
(25±2) °C, (30±2)%RH]. A commercialized product 
of chocolate-coated peanut was provided by Liang-
feng Food Group Import and Export Co., Ltd. 
(Zhangjiagang, Jiangsu, China) to be used as refer-
ence sample (REF). Samples were analyzed for coli-
form count, Escherichia coli, Salmonella spp. and 
yeasts and molds at Days 0 and 180 storage according 
to the methods described by Manafi (2003). The 
growth media used for the microbiological enumera-
tion of the different microorganisms were: Plate 
Count Agar (PCA), MacConkey Agar (for Es-
cherichia coli), Salmonella-Shigella Agar, Baird- 
parker Agar (for Staphylococcus aureus) and Czapek 
Agar (for yeasts and molds). For each test, 3 g of 
ground sample was homogenized in 30 ml of corre-
sponding broth in sterile flask and incubated for 24 h 
at 37 °C. Samples (1 ml) were aseptically removed 
and progressive decimal dilutions (101~108) were 
prepared in water peptone, mixed using a vortex for a 
few seconds and plated onto appropriate media. The 
inoculated plates were incubated for 48 h at 37 °C 
except for yeasts and molds determination for 5 d at 
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25 °C (Koburger, 1968) and the colonies were 
counted manually using an impermanent marker. 

 
Statistical analysis 

In order to statistically analyze the results, all the 
experiments were done in triplicates except for micro-
biological determination (duplicates) and all meas-
urements were carried out at least twice. Analysis of 
variance (ANOVA) was performed using SAS Soft-
ware (SAS 8.1 for Window, SAS Inc., Cary, NC, USA) 
and the difference between treatment means was de-
termined by the multiple range test (Duncan, 1955). 
Differences were considered at 95% significance level. 

 
 

RESULTS AND DISCUSSION 
 

Nutritional evaluation 
Table 2 shows the results of the nutrient com-

positions of the two different chocolate-coated 
chestnuts as compared to the uncoated freeze-dried 
chestnut. The biochemical composition of RFDC did 
not show any significant difference (P>0.05) when 
compared to fresh roasted chestnut (data not shown), 
which is in accordance with the findings of Míguelez 
et al.(2004) who reported that freeze drying does not 
alter the sugar contents of fresh chestnut unlike vac-
uum drying. Besides, the respective values obtained 
for sugar contents, proteins, fat, fibers and minerals 
were similar to the ranges reported for French (Ber-
gougnoux, 1978; Desmaison and Adrian, 1986), 
Italian (Bassi and Marangoni, 1984), Portuguese 
(Torres-Pereira Gaspar et al., 1992) chestnuts. How-
ever, this result was not sufficient to confirm any 
similarity/dissimilarity between Chinese and overseas 
chestnuts due to the fact that only one variety was 
investigated in this study. 

 
 
 
 
 
 
 
 
 
 
 

Fig.2 shows representative HPLC chromatogram 
of sugars in RFDC, DCC and MCC. 

Chocolate coating significantly affected the nu-
trient composition of chestnut. There was a signifi-
cant decrease in starch, while sucrose content trebled 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2  The nutrient compositions of chocolate-coated and uncoated chestnuts 
Samples Moisture (%) Starch (%) Glucose (%) Sucrose (%) Fructose (%) 
RFDC 7.31±0.16a 66.23±4.63a 0.07±0.01a 9.17±1.00a 0.13±0.11a 
DCC 7.09±0.44a 33.27±5.56b 0.04±0.01a 26.48±2.69b 0.04±0.00b 
MCC 4.70±0.52b 23.23±6.07c 0.004±0.001a 30.63±5.68c 0.04±0.01b 

Samples Galactose (%) Proteins (%) Lipids (%) Fibers (%) Minerals (%) 
RFDC ND 8.15±0.70a 2.53±0.06a 3.85±0.01a 2.12±0.03a 
DCC 0.05±0.01 9.54±2.07b 18.33±0.27b 2.53±0.02b 2.27±0.16ab 
MCC 0.40±0.02 15.37±1.80c 19.70±0.18c 2.52±0.12b 2.95±0.01b 

All compositions, except moisture, were measured in dry matter; Means followed by different superscript letters in the same column are 
significant different (P<0.05). RFDC: Roasted freeze-dried chestnut; DCC: Dark chocolate-coated chestnut; MCC: Milk chocolate-coated 
chestnut; ND: Not determined 
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Fig.2  HPLC chromatograms of sugar profiles in (a) 
RFDC, (b) DCC and (c) MCC 
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in both chocolate-coated chestnuts and protein con-
tent was increased from 8.15% (RFDC) to 9.54% and 
15.37% for DCC and MCC respectively. Values with 
a slight, yet significant difference were observed 
regarding the fibers and minerals. The moisture con-
tent was relatively high assuming that processed 
chocolate contains 2.78% moisture (data provided by 
the manufacturer). The reason for high moisture 
content in the doubly coated chestnut could be at-
tributed to the moisture picked up from the dipping 
into the first coating solution. However, the moisture 
content of freeze-dried coated chestnut is suitable for 
industrial processing (Gounga et al., 2008). 

Comparing the nutrient changes in DCC and 
MCC, sucrose content was 15% higher in MCC than 
in DCC. The milk powder used probably contains 
sugar (sucrose) incorporated during its processing. 
This shows a resultant increase in the sucrose content 
of MCC (Table 2). This result is in contradiction with 
sensory evaluation which revealed that DCC ap-
peared to be sweeter than MCC (Gounga et al., 
2007b). However, the total carbohydrate remained 
dominant in DCC (62.23%) than in MCC (56.82%). 
The protein content doubled in MCC when compared 
with DCC. This could be explained by the different 
formulations in the two chocolates. Milk powder and  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

whey protein (Table 1) constituted the source of 
protein in MCC. Cocoa powder, present only in milk 
chocolate formulation and known as an effective 
source of potassium, sodium, magnesium and phos-
phorus (Pedro et al., 2006), could explain the slight 
increase of mineral content in MCC. Pertwee (1992) 
stated that 100 g of cocoa powder contains 18.5 g of 
protein, 950 mg of Na, 1500 mg of K, 520 mg of Mg 
and 660 mg of P as reported by Bruinsma and Taren 
(1999). For both DCC and MCC, it can be seen that 
there were significant increases in lipids. Due to the 
high saturated fat content in chocolate (Mursu et al., 
2004), the lipid content in chocolate-coated chestnuts 
was 7 times higher than that in uncoated chestnut. 

The amino acid profiles (total and free amino 
acids) of RFDC, DCC and MCC are given in Table 3. 
Amino acid profiles were dominated by aspartic acid, 
followed by glutamic acid, arginine, leucine, valine 
and glycine. Similar results were reported by Borges 
et al.(2008) who investigated chestnut cultivars from 
Portugal. The amino acid composition differed only 
slightly between the raw material and the processed 
chocolate-coated chestnuts. The results suggest that 
the differences in amino acid were related to their 
nutritional quality and protein content. The results 
also show that except for methionine+cysteine, the  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3  Amino acid patterns of RFDC, DCC and MCC (mg/g sample) 
RFDC DCC MCC 

Amino acid 
FAA TAA FAA TAA FAA TAA 

EAAa 
(g/100 g protein)

Aspartic acid 3.480 13.02 1.570 8.56 1.170 8.13  
Glutamic acid 1.870 9.33 1.060 8.65 1.380 9.28  
Serine 0.100 2.74 0.060 2.49 0.044 2.79  
Histidine 0.098 1.57 0.050 1.16 0.043 1.26 1.6 
Glycine 0.104 3.26 0.099 2.62 0.101 2.62  
Threonine 0.250 2.36 0.110 2.11 0.089 2.41 0.9 
Arginine 1.840 4.33 0.740 3.04 0.053 2.66  
Alanine 0.630 3.39 0.390 2.66 0.037 2.84  
Tyrosine 0.110 1.49 0.150 1.43 0.130 1.63  
Cysteine-S 0.004 0.36 0.0004 0.39 0.00007 0.42  
Valine 0.150 3.35 0.130 2.95 0.066 3.05 1.3 
Methionine 0.014 0.77 0.007 0.71 0.007 0.83 1.7b 
Phenylalanine 0.180 2.65 0.150 2.31 0.066 2.35  
Isoleucine 0.079 2.59 0.075 2.24 0.037 2.45 1.3 
Leucine 0.089 4.04 0.160 3.62 0.059 4.22 1.9 
Lysine 0.088 2.84 0.083 2.58 0.045 2.82 1.6 
Proline 0.210 1.26 0.069 1.34 0.035 1.40  
Total 9.310 59.35 4.900 48.86 4.170 51.16  
RFDC: Roasted freeze-dried chestnut; DDC: Dark chocolate-coated chestnut; MCC: Milk chocolate-coated chestnut; TAA: Total amino 
acid; FAA: Free amino acid. aSuggested profile of essential amino acid (EAA) requirements for adults in (FAO/WHO, 1990); bMe-
thionine+cysteine 
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amino acid profiles of all samples were generally 
higher in essential amino acid (EAA) profiles com-
pared with the suggested pattern of requirement by 
FAO/WHO (1990) for adult humans. This indicates 
their good nutritional quality and confirms that both 
uncoated and chocolate-coated chestnuts are inter-
esting healthy food. Fig.3 shows representative HPLC 
chromatogram of amino acid in RFDC, DCC and 
MCC. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
All in all, the chocolate coating improved sig-

nificantly the nutritional value of chestnut as seen in 
this investigation. According to CMANCA (1996), 
chocolate provides a number of nutrients the body 
requires daily. A milk chocolate bar weighing 39.689 
g contains about 3 g of protein, and 15% riboflavin, 
9% calcium, and 7% iron of the daily values. Although 
no information related to chocolate-coated chestnut 
has been reported, many kinds of similar products are 

commercially available. Almonds and peanuts added 
to chocolate increase the nutrients in a bar. This is 
particularly true for protein as reported by CMANCA 
(1996). The same source reported that milk chocolate 
bars with almonds also have increased amounts of 
calcium, iron and riboflavin. Moreover, chocolate, 
having some other potentialities, could be assimilated 
to drug, as reported in (Bruinsma and Taren, 1999). 
Therefore, chocolate may be used as a form of 
self-medication for dietary deficiencies (Rodin et al., 
1991) or to balance low levels of neurotransmitters 
involved in the regulation of mood, food intake and 
compulsive behaviors (Macdiarmid and Hetherington, 
1995). Bruinsma and Taren (1999) reviewed that 
chocolate contains several biologically active con-
stituents which potentially cause abnormal behaviors 
and psychological sensations that parallel those of 
other additive substances. 
 
Microbiological analysis 

The microbiological evaluation of the choco-
late-coated chestnuts (tested samples) and choco-
late-coated peanut (reference sample) stored at both 7 
°C and (25±2) °C was based on the specifications for 
chocolate and chocolate products (Chinese National 
Standard GB 9678.2-2003). The results are shown in 
Table 4. It can be observed that there were no re-
markably levels of yeasts and molds in the tested 
samples, nor in the reference samples at both storage 
temperatures, yet yeasts and molds are the major 
cause of deterioration or spoilage of most fruits and 
vegetables (Goepfert, 1980). This is in agreement 
with our previous findings that reported the decay 
incidence of the same products stored at 4 °C and 23 
°C (Gounga et al., 2007b).  

In all the samples tested, a low level of total 
plate count (TPC) was observed. The TPC was lower 
than the recommended safety limit proposed by 
Chinese Hygienic Standard for chocolate and 
chocolate products (Chinese National Standard GB 
9678.2-2003). More so, no observable colonies of 
Salmonella ssp., Shigella ssp. or Staphylococcus 
aureus were found (Table 4). 

The considerably low levels of yeasts and molds 
and TPC are indicative of proper handling of the raw 
material (chestnut) and satisfactory processing con-
ditions of both WPI-Pul and chocolate coatings at all 
processing stages. 

Fig.3  HPLC chromatograms of amino acids in (a)
RFDC, (b) DCC and (c) MCC 
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Traditionally, chocolate and other confectionery 
products are regarded as being microbiologically 
stable and safe to eat. Owing to the inherent low water 
activity of chocolate, it is unlikely to support the 
growth and proliferation of bacterial pathogens. The 
moisture content of the chocolate used was 2.78% as 
earlier stated. However, Tamminga et al.(1977) re-
ported that although Salmonellae are unable to grow 
in chocolate with the low water activity, they are able 
to survive and persist for long period of time during 
storage. Moreover, the low water activity of chocolate 
has been also reported to be a contributing factor 
towards the increased thermal resistance of Salmo-
nella in chocolate, which enables the organism to 
survive processing conditions that would normally be 
expected to destroy this pathogen (D′Aoust, 1977). If 
such situation occurs, and in order to prevent any 
eventual accidental contamination, the use of tested 
plant extracts or essential oils after prolonged storage 
is worth doing (Baylis et al., 2004; Kotzekidou et al., 
2008).  
 
 
CONCLUSION 

 
Chocolate-coated chestnut has been successfully 

processed and the determination of the proximate 
analysis provides information about nutritional sup-
ply in what is considered as new product. The results 
show a wide range of values for all the nutrients  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
studied as compared to the raw chestnut. This is a 
pioneer study in China, which has shown an alterna-
tive strategy to add value to chestnut, minimizing the 
significant losses in harvested fruits and providing a 
wider range of choices of new products to the con-
sumer’s disposal. The microbiological investigations 
suggest that chocolate coating led to a marked reduc-
tion in the population of spoilage micro-organisms 
during storage and the product was of satisfactory 
bacteriological quality. The product storability is 
going on and would be carried out up to 12 months. 
Therefore, the microbial indices could be proposed to 
estimate the shelf life of the product. 
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