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ABSTRACT 

This study is to evaluate effects on fermentation characteristics and nutrition value of Gac shells 
with different additives. Gac shells are treated with 2% of molasses, 3% and 5% of cassava meal, 3 % 
and 5% of maize bran and with 10% of taro leaves and stems. Samples are collected to determine the 
nutrition value for 0, 7, 14, 21, 30 and 60 day periods of ensiling. From the samples, physical 
characteristics of the silages such as color, presence of fungus and smell are evaluated. Fresh Gac 
shells showed low content in dry matter (10.59% ±0.93) and soluble sugar (0.35% in DM). After 60 days 
of being ensiled, the quality of silages is acceptable in terms of odor and appearance in almost 
treatments, with pH in the range of 3.08 to 3.62. The lowest pH value was found in the treatment with 
5% maize bran and with 10% taro leaves and stems. Lactic acid concentration reached 5.09% to 6.26 
% in dry matter (DM) after 60 days. With the increasing ensilage time, dry matter content increased 
and crude protein decreased in all treatments, but changes were not significant. Gac shell is 
concluded to be well ensiled with 5% of maize bran or 10% of taro leaves and stems compared to 
other treatments.  
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TÓM TẮT 

Nghiên cứu này được tiến hành nhằm đánh giá khả năng ủ chua của vỏ gấc để có thể tận dụng 
loại phụ phẩm này làm thức ăn chăn nuôi. Vỏ gấc được ủ với 2% rỉ mật, 3-5 % bột ngô, 3-5% bột sắn và 
10% thân, lá cây khoai nước. Các chỉ tiêu về cảm quan và giá trị dinh dưỡng của các công thức ủ được 
đánh giá vào các thời điểm 0, 7, 14, 21, 30 và 60 ngày. Kết quả phân tích thành phần dinh dưỡng của vỏ 
gấc cho thấy, vỏ gấc có hàm lượng vật chất khô và hàm lượng đường tan thấp (10.59 % và 0,35%) nhưng 
hàm lượng protein khá cao (6,94%). Vỏ gấc có thể chế biến/bảo quản bằng phương pháp ủ chua với các 
các chất phụ gia như rỉ mật, bột ngô, bột sắn và thân, lá khoai nước. Các công thức ủ đều đảm bảo chất 
lượng cảm quan, không mốc hỏng. Giá trị pH dao động từ 3,08-3,62 sau 60 ngày ủ và đạt hấp nhất ở công 
thức ủ 5% bột ngô và 10% thân lá cây khoai nước. Hàm lượng axit lactic dao động từ 5,09-6,26% (VCK) 
sau 60 ngày ủ, nhưng không có sự khác biệt có ý nghĩa thống kê giữa các công thức ủ. Lựa chọn được 
hai công thức ủ đạt chất lượng tốt nhất là công thức bổ sung 5% bột ngô và 10% thân lá khoai nước. 

Từ khóa: Vỏ gấc, ủ chua, thành phần dinh dưỡng, chất phụ gia

1. INTRODUCTION 
In recent years, production and 

consumption of Gac’s products in Vietnam 
have been increased due to the fact that 
farmers have more awareness of the health 
and commercial benefits of this plant. Gac 

fruit is being increasingly cultivated in 
many areas in the north of Vietnam such as 
Hung Yen, Thai Binh, Vinh Phu, Hai Duong, 
and Bac Giang to provide the material for 
Gac oil production and exportation. The Gac 
shells discarded from the oil production 
contain 60-65% of Gac fruit biomass. 
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Demand for Gac for exporting purposes can 
reach up to 3000 - 5000 ton annually (Ho 
Thi Net, 2008). Therefore, the amount of Gac 
shells being discarded each year is a 
significantly large number. However, it has 
not been used for any other purposes and 
can ferment rapidly because of its high 
water level. This creates a high potential of 
environmental contamination, which can 
affect local residents’ health. A solution to 
address this issue is utilizing the residues 
from Gac oil production as animal feed for 
livestock production. This research focuses 
on the processing and preserving methods of 
Gac shell to efficiently use this resource. 

2. MATERIALS AND METHODS 

Location 
The experiment was conducted in the 

laboratory of the Animal Nutrition Department 
of the Faculty of Animal Science and 
Aquaculture, Hanoi University of Agriculture 
from October 2009 to December 2010. 

Sample collection: Gac shells 
(Momordica cochinchinensis Spreng) were 
collected from local agricultural products 
processing factories in Luc Ngan district, 
Bac Giang province.  

Analysis in Lab: All samples will be 
analyzed in lab for the chemical composition 
on a per cent dry matter basis such as dry 
material (DM %), total sugars (%), crude 

protein (CP%), crude fiber (CF%), total ash 
(%), canxi (Ca) and phosphor (P). 

On-station evaluation of the effect 
of different additives on the quality of 
Gac shell silage 

Gac shell will be chopped in to small 
pieces with 2-3 cm length and spread out on 
the floor 6h for wilting to reduce moisture 
content, and then carefully mixing, additive 
was sprayed to the silage material. Silages 
were conserved into 5-litre jars for anaerobic 
fermentation. Each formula was repeated 
three times. All boxes were stored at room 
temperature (25-30oC) 

Six treatments were evaluated 
GML: Gac shell + 2% molasses    
GM3: Gac shell + 3% maize bran  
GM5: Gac shell + 5% maize bran 
GC3: Gac shell + 3% cassava residue  
GC5: Gac shell + 5% cassava residue 
GST: Gac shell + 10 % Taro (Colocasia 

esculenta) leaves and stems  
Measurements: Samples of pre- and 

post-ensiled formulas were analyzed for pH 
(pH-Orion model 420A), dry matter and 
organic matter (AOAC 1980) at 0, 7, 14, 21, 
30, 60 days as well as the content of organic 
acids (lactic and acetic CP, CF) (AOAC, 
1990). The color, presence of fungus and 
smell were evaluated.  

  

Photo 1. Wilted Gac shells were mixed with maize bran  
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Statistical analysis 
Analyses of variance were performed 

with the General Linear Model of SAS 
version 8.0 (SAS Institute Inc., NC, USA). 
Duncan's multiple range tests were used to 
compare treatment means.   

3. RESULTS AND DISCUSSION 

Chemical composition of the Gac 
shell 

The chemical compositions of the Gac 
shell are presented in Table 1.  

Fresh Gac shells showed the low content 
in dry matter (10.59%±0.93) and solube 
sugar (0.35% in DM). The average DM 
concentration of all treatments was less than 
that recommended to achieve good silage 
quality (>40% DM; Bates et al., 1989), 
indicating that the wilting time (6 h) was not 
long enough to decrease the moisture 
concentration of Gac shells.  

Moisture concentration profoundly 
affects fermentation and subsequent 
nutritive value of silage because of the 
effects on microbial growth. Very wet 
materials (over 70% water) at ensiling may 
decrease the concentration of lactic acid 
bacteria and increase the growth of spoilage 
bacteria such as Clostridium sp. even when 
the pH drops to 4 (Nedeau and Barnhart, 
1995). Besides, the fermentation process is 
fuelled by water-soluble carbohydrates or 
sugars. The  low dry matter and water 
soluble carbohydrate (WSC) content of Gac 
shells results in poor fermentation of freshly 
material. Therefore wilting the materials to 
at least 35% dry matter or using the certain 
additivies are  recommended to improve  

fermentation and nutritive value of silages 
(Bates et al. 1989). 

The data from the present study also 
illustrate that Gac shells have higher 
protein content (6.84±0.91%) compared to 
other by-products such as lychee nuts 
(3.04% CP), pineapple shell (4.19% CP), and 
fresh corn cobs (4.7% CP) (Tran Quang Vinh, 
2008). 

In this study, easily fermentable feed 
ingredients such as molasses, maize bran, 
cassava were be used as additives, partly to 
provide fermentable substrate but also to 
direct the course of fermentation by 
absorbing excessive moisture. Some studies 
suggested, that the use some additives is 
necessary to increase the supply of available 
carbohydrate  substrates  for  the  growth  of   
lactic   acid bacteria or to inhibit the activity 
of aerobic bacteria and decrease the loss of 
water soluble carbohydrate in the early 
stage of ensilage (Shao et al., 2003). Sugar 
concentration also can be raised with 
molasses and other grains (Nedeau and 
Barnhart, 1995). 

Evaluation of different additives on the 
quality of Gac shell silages 

For all most treatments, observations of 
colour and odour indicated that the silages 
were well preserved. A yellow-red color and 
the pleasant and sweet acidic smell were 
observed in all most treatments. Two 
treatments GML and GC3 showed light 
brown in color with sour vinegar smell in the 
silage surface, probably due to the acetic acid 
bacteria and common with low DM, low sugar 
materials. No visible mould growth was 
observed in all treatments. 
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Table 1. The chemical composition of the Gac shell  

 

Sample 
DM (%) 

Sugar 

(%) 

CP 

(%) 

Lipit 

(%) 

CF 

(%) 

Ash 

(%) 

NFE 

(%) 

Ca 

(%) 

P 

(%) 

Fresh Gac shell 
10.96 
±0.93 

0.35 
6.84 ± 
0.91 

1.81 ± 
0.39 

18.28 ± 
3.62 

1.09 ± 
0.38 

46.21±5.42 0.058±0.013 0.42±0.049

 

pH changes and lactic acid content 
The evaluation of pH change and 

organic acid content is given in Table 2. 
Well preserved silage is characterized 

by lower pH, higher lactic acid content, 
lower contents of acetic acid, propionic acid 
and butyric acid. In this study, after 60 days 

of ensiling, Gac shell silages treated with all 
additives improved  the  silage  fermentation 
quality with markedly higher lactic acid 
content. This suggested that all additives in 
this study depressed the growth of clostridia 
or other aerobic bacteria (yeast and mould), 
lowered pH and the contents of acetic acid.  

Table 2. pH changes, lactic acid and  acetic acid (g/kgDM) content  
 in different silages 

Time of ensiling, days 
Parameter Treatment 

0 7 14 21 30 60 
SEM P 

GM3 6.39a 4.42c 4.36c 4.14cd 3.52d 3.22d 0.185 <.0001 

GM5 6.93a 4.12c 4.02c 3.66d 3.21d 3.08d 0.236 <.0001 

GC3 6.84a 4.55c 4.28c 4.32cd 3.27d 3.35d 0.216 <.0001 

GC5 6.12a 4.61c 4.36c 4.28cd 3.58d 3.44d 0.160 <.0001 

GML 6.56a 5.25bc 4.48c 4.14cd 4.11cd 3.62d 0.184 <.0001 

 
 
 
 

pH 

GST 6.21a 5.2bc 4.75c 4.23cd 3.62d 3.28d 0.179 <.0001 

 SEM 0.106 0.125 0.094 0.094 0.105 0.083   

 P 0.1291 0.0841 0.3948 0.3904 0.1464 0.8650   

GM3 4.2b 23.6b 41.9c 52.1d 52.4e 50.9e 3.28 <.0001 

GM5 3.8c 24.4a 48.6a 60.5a 65.8a 71.8a 4.42 <.0001 

GC3 3.2d 19.2d 40.2d 54.8b 52.7e 52.2d 3.55 <.0001 

GC5 2.8e 20.8c 42.1c 52.1d 58.6c 54.1c 3.68 <.0001 

GML 5.1a 17.5f 39.8e 52.8c 57.2d 51.2e 3.54 <.0001 

 
 
 
 

Lactic acid 

GST 2.4f 18.6e 44.4b 54.6b 61.4b 64.9b 4.20 <.0001 

 SEM 0.22 0.62 0.72 0.71 1.14 1.94   

 P <.0001 <.0001 <.0001 <.0001 <.0001 <.0001   

GM3 0.8d 1.1e 2.1e 4.4e 5.4e 5.7e 0.36 <.0001 

GM5 0.9d 1.1e 0.8f 4.8d 6.1c 3.8f 0.38 <.0001 

GC3 1.2c 2.4a 2.8c 5.1c 5.5e 6.1c 0.33 <.0001 

GC5 0.8d 1.9c 2.4d 5.7b 7.2b 5.9d 0.43 <.0001 

GML 2.1a 2.1b 3.1b 5.8b 8.6a 7.4a 0.47 <.0001 

 
 
 

Acetic acid 

GST 1.9b 1.5d 3.3a 6.1a 5.9d 6.3b 0.36 <.0001 

 SEM 0.13 0.20 0.15 0.27 0.26 0.12   

 P <.0001 <.0001 <.0001 <.0001 <.0001 <.0001   

a,b,c,d, e, f within column, values with different superscript letters are different (P<0.001) 
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Comparison among formulas of ensiling 
suggested, that there was no significant 
difference in pH changes among treatments 
during the ensiling period. However, the pH 
of the silage decreased significantly over 
time in each of the treatments with a faster 
decrease found when maize bran was added 
(P<0.0001). The drop in pH during the 
ensiling period was presumably related to 
lactic acid production. However, at the end 
of the ensilage the pH was similar in all 
treatments. The pH of 3.08-3.62 in the final 
product indicated that all of the silage 
mixtures were well fermented (Davies et al. 
2000). 

The lactic acid production was 
significantly highest in silage with maize 
bran. Higher lactic acid concentration when 
maize bran was added might be due to the 

rapid degradation of the water-soluble 
carbohydrates (WSC) in maize. The WSC 
were used immediately by lactic acid 
bacterium to produce lactic acid causing the 
decrease pH (Nedeau and Barnhart, 1995; 
Sibanda et al., 1997). The low pH helps to 
hydrolyze polysaccharides in cell wall of 
plans so make them become available for 
lactic acid bacterium (Zhang et al. 2000). 
Acetic acid concentrations also increased but 
to a lesser extent than for lactic acid. High 
levels of less desirable acetic acid and 
ethanol will reduce the palatability of silage 
and, thus, animal intake. Especially, when 
oxygen is present in jars, heterofermenting 
bacteria produce less lactic acid but more 
acetic acid and, in the absence of sugar, 
convert lactic to acetic acid (Nedeau and 
Barnhart, 1995).  

Table 3. Effect of additive and ensiling time on DM and crude protein (% in DM)  
of Gac shell silages. 

Time of ensiling, days 
Parameter Treatment 

0 7 14 21 30 60 

GM3 10.72a 10.68b 9.86b 9.71b 9.82b 9.96b 

GM5 11.73b 10.76a 11.22a 10.94a 11.16a 11.53a 

GC3 8.56d 8.52c 8.36d 8.41d 8.38c 7.90d 

GC5 9.22cd 8.92c 8.66d 6.76e 8.72c 8.04d 

GML 6.84e 6.78d 6.56e 6.62e 6.55d 6.15e 

GST 9.64c 9.45c 9.62c 9.64c 9.67b 9.21c 

SEM 0.39 0.40 0.42 0.47 0.41 0.43 

 

 

 

CP 

P *** *** *** *** *** *** 

GM3 24.68b 24.55b 24.77b 25.07b 25.84b 25.57b 

GM5 27.91a 28.05a 28.09a 28.02a 27.86a 28.19a 

GC3 16.67d 16.58d 16.81d 17.22d 16.58d 16.01d 

GC5 20.62c 21.05c 20.46c 20.74c 20.71c 20.93c 

GML 13.22e 13.27e 13.70e 14.08e 13.55e 12.63e 

GST 25.05b 24.70b 25.07b 25.29b 25.08b 25.06b 

SEM 1.24 1.33 1.22 1.12 1.17 0.92 

 

 

 

DM 

P *** *** *** *** *** *** 

a,b,c,d, e  within column, values with different superscript letters are different (P<0.001) 
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Dry matter and crude protein 
The changes of DM content during the 

ensiling process showed no significant 
difference in all treatments. The DM content of 
the silages after 60 days was highest in the 
silages with maize bran and taro GM3 
(25.57%), GM5 (28.29%), GST (25.16%). 

The dry increased matter content of wilted 
fresh gac shells was accompanied by increased 
the amount of water soluble carbohydrates 
concentration due to the addition of maize bran 
or cassava meal. During the ensiling, the lower 
content of dry matter compared to before 
ensiling pointed to loss of this component in 
process of fermentation. However, the DM 
losses were not significant in all formulas.  

In the silages, adding maize bran and taro 
leaves and stems increased significantly CP of 
ensilaged Gac shells (see Table 3). There were 
no significant changes in CP of all treatments 
during the ensiling period. However, CP 
content was significantly different among 
treatments, the highest content in treatment 
with 5% maize bran with 11.53% after 60 days 
of ensiling (p<0,001). The two main groups of 
lactic acid bacteria are homofermenters, 
which produce only lactic acid from sugar; 
and heterofermenters, which produce carbon 
dioxide, ethanol, acetic acid, and lactic acid. 
The homofermenters are the most desirable 
because their activity does not cause DM loss 
as do heterofermenters (Nedeau and 
Barnhart, 1995). To achieve good silage 

fermentation, fresh gac shells must be wilted 
before ensiling to improve dry matter 
content. Moreover, gac shell must be used as 
soon as possible after collecting to reduce 
spoilage due to high moisture content. The 
desirable lactic acid bacteria (LAB) must 
grow well and use sugar to produce lactic 
acid, which decreases pH to 4.0 to 4.2. A 
rapid pH drop results in stable, high quality 
silage. Besides, silage quality also can be 
further improved with silage additives. Cane 
molasses (75% DM) has been widely used. 
When applied to tropical grasses, molasses 
should be used in relatively high 
concentrations (4 to 5%). However, according 
to Woolford (1984), the provision of 
extraneous sugar alone is not sufficient to 
permit the LAB to compete with other 
components of the silage microflora and thus 
ensure preservation. Therefore, under high 
moisture conditions, molasses can also 
induce a clostridial spoilage. It is 
controversial that which starch source is an 
available substrate for LAB (Woolford, 1984). 
Ground maize (5% and 10% w/w) or cassava 
tuber meal (72.1% soluble carbohydrates) 
 improved fermentation up to the level of 
30%  compared to untreated silages of 
forages (Panditharatne et al., 1986; 
Sibanda et al. 1997). In this research, the 
low pH values and relatively high lactic acid 
levels demonstrate that the substrate was 
adequate to LAB growth. 

 

Photo 2. Silaged Gac shell after 30 days  

 

   Photo 3 Silaged Gac shell after 60 days  
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4. CONCLUSION 
Although fresh Gac shells have low 

content in dry matter and soluble sugar but 
the results of this research showed that Gac 
shells can be well ensiled by using different 
additives such as maize bran, cassava meal, 
molasses and taro leaves and stems. Good 
quality silages were showed in two 
treatments with maize 5% or 10% taro 
leaves and stems in terms of physical 
properties, chemical composition. With these 
results, it is necessary to have on-farm 
feeding trials to evaluate the influence of 
ensilaged gac shells on the performance of 
animals. 
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