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Background: The objective of this study was to determine the optimal level 
of molasses required for ensiling the seed-used zucchini peel residue and 
corn stalks mixtures, using a 2:1 ratio of seed-used zucchini peel residue to 
corn stalks. The experiment included a control group (CON, with no molasses 
added), a 1% molasses group (M1, 10 g kg−1 fresh matter), a 2% molasses group 
(M2, 20 g kg−1 fresh matter), and a 3% molasses group (M3, 30 g kg−1 fresh 
matter). After 60 days of fermentation, samples of the silage were collected and 
analyzed for their chemical composition, fermentation quality, aerobic stability, 
and ruminal degradation characteristics.

Result: Compared to the CON group, the addition of molasses significantly 
decreased both the pH and the ratio of ammonia nitrogen to total nitrogen 
(NH3-N/TN) in the ensilage mixture of seed-used zucchini peel residue and corn 
stalks. In the molasses-treated groups, the pH values decreased by 0.08, 0.09, 
and 0.13, respectively, compared to the control group. The NH3-N/TN ratios 
decreased by 1.52, 1.86, and 2.24, respectively, compared to the control group. 
Additionally, the contents of neutral detergent fiber (NDF) and acid detergent 
fiber (ADF) in the silage with molasses were significantly lower than those in the 
CON group. However, the addition of molasses reduced the aerobic stability of 
the feed, with the 3% molasses-added group showing a significant decrease in 
aerobic stability. Furthermore, the addition of molasses significantly improved 
the ruminal degradation rates of the silage, with the M3 group showing ruminal 
degradation rates of dry matter (DM), crude protein (CP), and ADF at 65.49, 
55.26, and 46.18%, respectively.

Conclusion: The addition of molasses is beneficial for improving the quality 
of the ensilage mixture of seed-used zucchini peel residue and corn stalks, 
improving the nutritional components and increasing the ruminal degradation 
rate.
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1 Introduction

The residue that remains after corn has fully grown and harvested 
is known as corn stalks. These stalks are abundant in quantity and can 
be used as feed for ruminants (Wang et al., 2024). Corn stalks contain 
a large amount of cellulose, while their protein and sugar contents are 
low. Consequently, the utilization rate is rather low when directly fed 
to livestock (Fu et al., 2023). To extend the storage life of corn stalks, 
reduce nutrient loss, and prevent mildew, they are usually processed 
into fermented feed. However, due to the relatively low water content 
and nutritional value of corn stalks, additional water and additives 
are necessary to produce high-quality fermented feed. Research has 
shown that adding amaranth with has a relatively high water content, 
along with glucose, lactic acid bacteria, and cellulase to corn stalks, 
can significantly enhance the nutritional value of the feed (Ma 
et al., 2023).

The seed-used zucchini (Cucurbita pepo) is an annual herbaceous 
cash crop of the family Cucurbitaceae. The peel residue of seed-used 
zucchini, which accounts for approximately 95% of the entire 
zucchini, is the part of the peel and pulp left over after the seeds are 
removed (Liu et al., 2023). Zucchini grown from seeds offers several 
advantages, including high yield, relatively simple cultivation, and 
high nutritional content. To date, research on the peel residue of 
seed-used zucchini is limited and primarily focuses on zucchini 
seeds. The peel residue of seed-used zucchini has a high water 
content and is not easy to store. It is usually abandoned directly in 
the field after the seeds are taken. In Xinjiang alone, the annual 
output of seeded zucchini peel residue is approximately 13.15 × 106 
tons (Hou et al., 2023). Making full use of the peel residue of seed-
used zucchini can effectively reduce resource waste. Current studies 
indicate that it is challenging to produce high-quality silage when 
mixing the peel residue of seed-used zucchini with wheat straw, 
probably due to insufficient water soluble carbohydrates (WSC) 
content (Liu et al., 2023). Meanwhile, this was also confirmed by 
Wang et al. (2020), who ensilaged the seed cucurbits with wheatgrass 
and obtained a feed with a pH of 5.24, which did not meet the 
standard of high quality fermented feed. Researchers have found that 
adding molasses to Pennisetum purpureum, which has low soluble 
sugar content can, promote the feed fermentation process in feed 
and lower the pH value (Li et al., 2017). Molasses, a by-product of 
sugar extraction, is produced globally and is an excellent source of 
fermentable sugars (Palmonari et  al., 2020). The addition of 1% 
molasses to a mixture of seed pumpkin and sunflower straw has been 
shown to significantly improve the quality of micro silage (Yao et al., 
2024). In addition the addition of 2 and 4% molasses to fresh corn 
stover significantly improved silage quality (Zhang et al., 2024). To 
determine whether molasses can help address the quality issue in the 
silage, we  conducted an ensilaging experiment using the peel 
residual of seed-used zucchini combined with corn stalks and 
supplemented with molasses.

This study will focus on evaluating the effects of adding different 
amounts of molasses on the fermentation quality, aerobic stability 
and ruminal degradation characteristics of the ensilage mixture of 
seed-used zucchini peel residue and corn stalks. These findings may 
provide valuable references for further applications and 
feeding strategies.

2 Materials and methods

2.1 Materials preparation

Both the corn stalks and the peel residue of seed-used zucchini 
were sourced from the 183rd Regiment of the Agricultural 10th 
Division of the Xinjiang Production and Construction Corps. The 
corn stalks were collected after the corn harvest and then chopped 
into pieces approximately 2–3 centimeters long. After the seeds 
were removed from the zucchinis, the remaining parts were 
crushed into a paste using a crusher. These parts do not contain any 
vines or leaves. Molasses was utilized as an additive for the 
ensilage mixture.

2.2 Silage

The processed peel residue of seed-used zucchini and corn 
stalks was mixed at a dry matter ratio of 2:1 to create equal weights 
for four treatments: without molasses addition (CON), with 1% 
molasses addition (M1), with 2% molasses addition (M2), and with 
3% molasses addition (M3). The amount of molasses added was 
calculated based on grams of fresh materials. In this experiment, 
molasses was mixed with water at a 1:1 ratio (w/v) and then spray 
the mixture onto the raw materials. In addition, each treatment 
was supplemented with 0.2% compound bacterial liquid 
(Lactobacillus plantarum ≥ 2.5 × 107 CFU/mL, Lactobacillus 
lactis ≥ 1.0 × 106 CFU/mL, Saccharomyces cerevisiae ≥ 2.5 × 
107 CFU/mL, Candida tropicalis ≥ 1.0 × 106 CFU/mL), 0.1% urea 
and 0.2% crude salt. Finally, the moisture content was adjusted to 
65%. After evenly mixing the materials, they were packed into 2 L 
anaerobic fermentation bags, vacuum sealed, labeled and stored at 
ambient temperature (20–25°C). A total of 24 bags were prepared 
(4 treatments, with 6 replicates for each treatment). After 60 days 
of fermentation, the bags were opened and samples were collected 
for analysis of chemical composition, fermentation quality, aerobic 
stability, and ruminal degradation characteristics. The chemical 
compositions of the seed-used zucchini peel residue and corn 
stover are presented in Table 1.

2.3 Chemical composition analysis

Some fresh samples of the silage after 60 days were placed 
into an oven (LBAO-250; Shanghai Sidike Instrument and 
Equipment Co., Ltd., Shanghai, China) and dried at 65°C for 
48 h. Afterward, they were removed from the oven and allowed 
to absorb moisture for 24 h. Subsequently, the samples were 
crushed using a crusher (FS200; Guangzhou Bomin 
Electromechanical Equipment Co., Ltd., Guangzhou, China) and 
sieved through 1.0 mm and 2.0 mm mesh, respectively. The dry 
matter (DM), crude protein (CP), and crude fat (EE) were 
determined by the AOAC method (AOAC International, 2019). 
The neutral detergent fiber (NDF) and acidic detergent fiber 
(ADF) were analyzed according to the method described in the 
previous report (Van Soest et al., 1991).
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2.4 Fermentation quality analysis

The fermentation quality was assessed after 60 days of silage and 
after 0, 3, 6, and 9 days of aerobic exposure. A sample of 20 g from 
each treatment was mixed with 180 mL of distilled water. After sealing 
with parafilm, the mixture was stored in a 4°C refrigerator for 24 h 
until extraction. The extract was then filtered through four layers of 
gauze and qualitative filter paper. After filtration, the pH of the 
extracted solution was determined using a digital pH meter (PHBJ-
260F; Shanghai INESA Scientific Instrument Co., Ltd.). The ammonia 
nitrogen concentration was measured using the phenol-sodium 
hypochlorite method (Broderick and Kang, 1980). The WSC 
concentration was determined by the sulfuric acid-anthrone 
colorimetric method (Yemm and Willis, 1954). Organic acids were 
quantified using high-performance liquid chromatography (1,260 
Infinity II; Agilent Technologies, Waldbronn, Germany) as described 
by Xie et al. (2023).

2.5 Aerobic stability analysis

We took 250 g of fresh samples from each bag and loosely placed 
them into correspondingly labeled 1,000 mL wide-mouth polyethylene 
bottles. The probes of the multi-channel temperature recorder were 
inserted to estimate the aerobic stability, resulting in a total of 24 
bottles. The bottle mouths of the bottles were covered with two layers 
of gauze to minimize water evaporation and prevent dust entry. 
Samples were collected on days 0, 3, 6, and 9 following aerobic 
exposure, to determine the counts of lactic acid bacteria, yeasts, and 
molds using the plate counting method as described by Yu et  al. 

(2023). Aerobic stability was measured as the time (h) before the silage 
temperature exceeded the ambient temperature by 2°C (Xie 
et al., 2022).

2.6 Analysis of ruminal degradation 
characteristics

In this study, three healthy Kazakh rams aged 8 months (weighing 
30 ± 3.5 kg) with permanent ruminal fistulas were selected to 
determine the ruminal degradation rates of the samples. The basal diet 
was formulated according to the nutritional requirements for mutton 
sheep as regulated by NY/T 816–2021, maintaining a concentrate feed 
to roughage ratio of 4:6. The rams were fed twice daily (at 09:00 and 
18:00) and had free access to water. The nutrient levels of the basal diet 
are shown in Table 2.

Three grams of the crushed samples, which had passed through a 
2 mm sieve, were placed into nylon bags (10 cm × 6 cm size, with a pore 
size of 50 μm). After sealing, the nylon bags were attached to one end of 
a semi-flexible PVC hose and placed into the rumen prior to the 
morning feeding. The other end of the hose was secured to the fistula. 
The feed samples were incubated in the rumen for 4, 8, 12, 24, 48, and 
72 h. Each sample was replicated three times at each time point, with 
each replicate corresponding to one sheep. Each sample was replicated 
three times at each time point, with each replicate corresponding to one 
sheep. Two parallel samples of the same type were placed into the rumen 
of each sheep. After specified incubation periods, the samples were 
removed from the nylon bags, placed into ice boxes, and thoroughly 
rinsed under tap water. Then, they were dried in an oven at 65°C until 
reaching a constant weight. Following this, the samples were crushed 
and sieved through a 1-mm mesh for the measurement and calculation 
of the ruminal degradation rates, as well as degradation parameters (a, 
b, and c), and effective degradation rate (ED) of DM, CP, NDF, and 
ADF. The ruminal degradation rate at a specific time was calculated 
according to the formula A = (B  – C)/B, where A represents the 
degradation rate of ruminants at that specific time, B represents the total 
amount of nutrients before degradation (determined by multiplying the 
initial weight before degradation by its nutrient content), and C 
represents the total amount of nutrients after degradation (obtained by 
multiplying the final weight after degradation by its nutrient content).

The ruminal degradation parameters were calculated using the 
model ( )ctb 1 eP a −= + − , and the effective degradation rate 

( ) ( )a b c / k cED = + × + , following references from previous studies 
(Ørskov and McDonald, 1979). In these formulas, P represents the 
degradation rate (%) of the feed nutrient component after time in the 
rumen; a represents the rapidly degradable fraction (%); b represents 
the slowly degradable fraction (%); c represents the degradation rate 
of b (%/h); k represents the ruminal outflow rate (%/h) of a specific 
target component from the sample with the k value for this experiment 
being 0.0253%/h (Shi et al., 2022).

TABLE 2 Feed ingredients and nutrient levels of experimental diet (DM 
basis).

Ingredients, % Nutrient levels, %

Corn stalk 45.20 ME2, MJ/kg 8.51

Alfalfa powder 13.00 CP 14.90

Maize 17.20 Ca 0.92

Soybean meal 10.00 P 0.54

Wheat bran 5.60 NDF 48.21

Cottonseed meal 6.00 ADF 26.61

CaHPO4 1.50

NaCl 0.50

Premix1 1.00

ME, metabolic energy; CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent 
fiber.
1Premix provided the following per kilogram of the diet: VA 100,000 IU, VD 21000 IU, VE 
850 mg, Fe, 300 mg, Zn 3,160 mg, Mn 400 mg, Cu 320 mg, I 50 mg, Se 18 mg, Co 30 mg.
2ME was a calculated value, while the others (CP, Ca, P, NDF, and ADF) were measured 
values.

TABLE 1 Chemical composition of seed-used zucchini peel residue and corn stalks (DM basis, %).

Items DM CP NDF ADF EE WSC

Seed-used zucchini peel residue 4.95 13.17 33.24 23.34 9.9 8.17

Corn stalk 95.05 3.61 50.04 27.95 3.91 4.06

DM, dry matter; CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent fiber; EE, crude fat; WSC, soluble carbohydrate. In the table, CP, NDF, ADF, EE, and WSC are in dry 
matter (%DM).
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2.7 Statistical analysis

One-way analysis of variance (ANOVA) was conducted using 
IBM SPSS Statistics software to analyze the data on chemical 
composition and fermentation quality parameters affected by the 
addition of molasses. Two-way ANOVA was used to assess the fixed 
effects of molasses addition levels, aerobic exposure time, and their 
interaction (molasses addition levels D × aerobic exposure time T) 
using the general linear model procedure in SPSS. Post hoc analyses 
were carried out using the Duncan test to compute pairwise 
differences in the means. Data are presented as means and standard 
error of the mean (SEM). A significance level of p < 0.05 was 
considered statistically significant, while p > 0.05 indicated no 
significant difference.

3 Results

3.1 Chemical composition of the ensilage 
mixture

As shown in Table 3, the DM content in the M2 and M3 groups was 
significantly higher than that in the CON group (p < 0.05). Compared 
to the CON group, the NDF and ADF contents in the molasses-added 
groups were significantly reduced, with the M1 group showing the 
lowest NDF content at 38.51%. The EE content in the groups with 
different molasses addition levels was significantly higher than that in 
the CON group (p < 0.05), increasing by 0.36, 0.68, and 1.26 percentage 

points, respectively. The WSC content in the M3 group was the highest 
and was significantly higher than that in the control group (p < 0.05). 
With the increase in the level of molasses addition, the CP content 
showed an upward trend, but the difference was not significant (p > 0.05).

3.2 Fermentation quality of the ensilage 
mixture

As shown in Table 4, compared to the CON group, the pH values 
of the molasses-added groups were significantly lower, with the M3 
group showing the lowest pH value of 4.30, which was significantly 
lower than those of the other groups (p  < 0.05). There were no 
significant differences in lactic acid and acetic acid among all groups, 
and propionic acid and butyric acid were not detected. With the 
increase in the molasses addition level, the ratio of NH₃-N to total 
nitrogen showed a downward trend, and this ratio in all groups with 
molasses addition was lower than that in the CON group (p < 0.05). 
There were no significant differences in the ratio of NH₃-N to TN 
among the M1, M2 and M3 groups (p > 0.05).

3.3 Aerobic stability of the ensilage mixture

The aerobic stability time of the M3 group was significantly lower 
than that of the other groups (P < 0.05), and there were no significant 
differences (p > 0.05) among the CON group, the M1 group and the 
M2 group (Figure 1).

As shown in Table 5, the aerobic exposure time had a significant 
impact on the pH, ammonia nitrogen and lactic acid contents in each 
group (p < 0.05). There was a D × T interaction between pH and lactic 
acid (P < 0.001). On the 0th day of aerobic exposure, the pH values of the 
groups with molasses addition were significantly lower than those of the 
CON group (p < 0.05). Among the groups with molasses addition, the 
lowest pH value was 4.30 in the M3 group. However, on the 9th day, the 
pH values of the groups with molasses addition were significantly higher 
than those of the CON group (p < 0.05). Among the groups with 
molasses addition, the highest pH value was 8.15 in the M3 group. With 
the extension of aerobic exposure time, the ammonia nitrogen content 
in each group first increased and then decreased. On the 0th day of 
aerobic exposure, the ammonia nitrogen decreased with the increase in 
the molasses addition level, and the ammonia nitrogen content in the M3 
group was significantly lower than that in the CON group (p < 0.05). On 
the 9th day of aerobic exposure, the ammonia nitrogen in the CON and 
M1 groups was significantly higher than that in the M3 group (p < 0.05).

TABLE 3 Effect of molasses addition on the chemical composition of the 
ensilage mixture of seed-used zucchini peel residue and corn stalks.

Items CON M1 M2 M3 SEM p-
value

DM (%) 35.10b 35.75ab 36.25a 36.33a 0.163 0.017

NDF (%) 41.95a 38.51c 40.15b 40.23b 0.34 <0.001

ADF (%) 22.62a 20.65b 21.21b 21.13b 0.251 0.028

CP (%) 5.62 5.80 5.82 5.95 0.109 0.771

EE (%) 6.31c 6.67b 6.99b 7.57a 0.112 <0.001

WSC (%) 1.23b 1.29ab 1.63ab 1.71a 0.077 0.05

DM, dry matter; CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent fiber; 
EE, crude fat; WSC, soluble carbohydrate. In the table, CP, NDF, ADF, EE, and WSC are in 
dry matter (%DM). CON, without adding molasses; M1, 1% molasses addition; M2, 2% 
molasses addition; M3, 3% molasses addition; in the same row, values with different letters 
differ significantly (P < 0.05).

TABLE 4 Effect of molasses addition on the fermentation quality of the ensilage mixture of seed-used zucchini peel residue and corn stalks.

Items CON M1 M2 M3 SEM p-value

pH 4.43a 4.35b 4.34b 4.30c 0.011 <0.001

Lactic acid (mmol·mL−1) 7.23 7.72 7.49 7.94 0.138 0.318

Acetic acid (μg·mL−1) 18.44 19.27 18.4 18.64 0.300 0.744

Propionic acid (μg·mL−1) ND ND ND ND

Butyric acid (μg·mL−1) ND ND ND ND

NH3-N/TN 5.76a 4.24b 3.90b 3.52b 0.266 0.008

NH3-N, ammonia nitrogen; TN, total nitrogen; ND, not detected.
CON, without adding molasses; M1, 1% molasses addition; M2, 2% molasses addition; M3, 3% molasses addition; In the same row, values with different letters differ significantly (p < 0.05).
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During 0–3 days of aerobic exposure, there were no significant 
differences (p > 0.05) in the contents of lactic acid (Table 5) and acetic 
acid (Table 6) among all groups. Moreover, propionic acid and butyric 
acid were not detected in any of the groups (Table 6). During 6–9 days 
of aerobic exposure, the contents of lactic acid and acetic acid in the 
M3 group were significantly lower than those in the CON group 
(p < 0.05). There were no significant differences in the content of 
propionic acid among all groups (p > 0.05).

As shown in Table 7, the aerobic exposure time had a significant 
impact on the contents of lactic acid bacteria, yeasts and molds in each 
group (p < 0.05). There was a D × T interaction between lactic acid 
bacteria and yeasts (P < 0.05). On the 0th day of aerobic exposure, the 
content of lactic acid bacteria in the M3 group was significantly higher 
than that in the other groups (p < 0.05), and molds were not detected in 
any of the groups. On the 9th day of aerobic exposure, both the contents 
of yeasts and molds in the M3 group were significantly higher than 
those in the other groups (p < 0.05). During the entire aerobic exposure 
period, the M3 group exhibited the largest decrease in lactic acid 
bacteria, with a reduction of 0.87 lg (CFU/g FM), while the CON group 
showed the smallest decrease, with a reduction of 0.50 lg (CFU/g FM).

3.4 Ruminal dry matter degradation 
characteristics of the ensilage mixture

As shown in Table 8, with the increase in the amount of molasses 
added, the degradation rates of DM in each group generally showed 
an upward trend. Except at 4 h, at the other time points, the ruminal 
degradation rates of DM in the M2 and M3 groups were significantly 
higher than those in the M1 and CON groups (p < 0.05). After 24 h, 
the degradation rates of DM in the groups with molasses addition 
were all significantly higher than those in the CON group (p < 0.05). 
In the rapidly degradable fraction, the M3 and CON groups were 
significantly higher than the M1 and M2 groups; while in the slowly 
degradable fraction, the M1 and M2 groups were significantly higher 
than the M3 and CON groups (p < 0.05). The effective degradation 
rate of DM in the M2 and M3 groups was significantly higher than 
that in the other two groups (p  < 0.05), while the M1 group was 
significantly higher than the CON group (p < 0.05). Compared to the 

CON group, the effective degradation rates of DM increased by 3.20, 
7.06, and 6.71 percentage points, respectively.

3.5 Ruminal crude protein degradation 
characteristics of the ensilage mixture

At the six time points, the ruminal degradation rates of CP in the 
groups with molasses addition were all higher than those in the CON 
group, and the ruminal degradation rate of the M3 group was the 
highest (Table 9), with the degradation rate ranging from 37.06 to 
76.05%. The rapidly degradable fraction and the effective degradation 
rate in the groups with molasses addition were both significantly 
improved compared with those in the CON group (p  < 0.05). 
Moreover, the effective degradation rate of CP in the M3 group was 
the highest among all groups (p  < 0.05). However, there were no 
significant differences in the slowly degradable fraction among all 
groups (p > 0.05).

3.6 Ruminal neutral detergent fiber 
degradation characteristics of the ensilage 
mixture

As shown in Table 10, at 48 h, the ruminal degradation rate of 
NDF in the M1 group was the highest (p < 0.05). By 72 h, the ruminal 
degradation rates of NDF in the groups with molasses addition were 
all significantly higher than that in the CON group (p < 0.05). With 
the addition of molasses, the rapidly degradable fraction, the slowly 
degradable fraction and the effective degradation rate were all higher 
than those in the CON group. Among them, the effective degradation 
rate of NDF in the CON group was significantly lower than that in the 
groups with molasses addition (p < 0.05).

3.7 Ruminal acid detergent fiber 
degradation characteristics of the ensilage 
mixture

The change trend of the ruminal degradation rate of ADF was 
consistent with that of NDF. At 48 h, the ruminal degradation rate of 
ADF in the M1 group was the highest, and the difference was 
significant (p < 0.05). By 72 h, the ruminal degradation rates of ADF 
in the groups with molasses addition were all significantly higher than 
those in the CON group (p < 0.05). With the addition of molasses, 
both the rapidly degradable fraction and the effective degradation rate 
were higher than those in the CON group. In the CON group, the 
effective degradation rate of ADF was significantly lower than that in 
the groups with molasses addition (p < 0.05). Compared to the CON 
group, the effective degradation rates of ADF in the M1, M2, and M3 
groups increased by 3.05, 3.02, and 4.8 percentage points, respectively 
(Table 11).

4 Discussion

Sufficient moisture content can enhance the quality of silage, while 
the amounts of DM and WSC serve as important indicators of this 

FIGURE 1

Effect of molasses addition on the aerobic stability of the ensilage 
mixture of seed-used zucchini peel residue and corn stalks. CON, 
without adding molasses; M1, 1% molasses addition; M2, 2% 
molasses addition; M3, 3% molasses addition; values with different 
letters differ significantly (P < 0.05).
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quality. This study aimed to enhance the moisture content of corn 
stalks by incorporating seed-used zucchini peel residue, thereby 
creating optimal conditions for ensilage process. However, previous 
studies indicated that both seed-used zucchini and corn stalks possess 
low sugar content, which may hinder the ability to maintain high-
quality silage (Liu et al., 2023; Wang et al., 2024). To address this issue, 
we supplemented the mixture with varying amounts of molasses to 
increase WSC levels. After 60 days of silage with added molasses, the 
DM and CP contents were found to be  higher than those in the 
no-molasses control group, which was consistent with the findings of 

Li et al. (2022), who reported similar results when molasses was added 
to fresh forage. In this experiment, the groups with molasses addition 
significantly reduced the NDF and ADF contents in silage. The 
reduction may be attributed to the fact that molasses provided a richer 
carbon source for microorganisms, thereby promoting the growth and 
reproduction of cellulolytic bacteria and accelerating the catabolic 
process of fiber (Qutab-ud-din and Macit, 2020). Lower fiber content 
improves the digestibility of feed in animals, particularly for 
ruminants, by improving rumen fermentation and promoting the 
nutrient absorption and utilization, thus increasing the feed’s 

TABLE 5 Effect of molasses addition on the fermentation quality of the ensilage mixture of seed-used zucchini peel residue and corn stalks by the 
aerobic exposure.

Items Treatment Aerobic exposure time (d) SEM p-value

0 3 6 9 D T D × T

pH CON 4.43Ba 4.36B 4.37B 5.88Ab 0.164 <0.001 <0.001 <0.001

M1 4.35Bb 4.34B 4.40B 7.45Aa

M2 4.35Bb 4.28B 4.45B 7.20Aa

M3 4.30Bc 4.29B 4.95B 8.15Aa

NH3-N (g/kg) CON 0.44Ba 0.42Ba 0.62Aa 0.12Cb 0.020 <0.001 <0.001 0.344

M1 0.39Bab 0.43Ba 0.55Aa 0.17Ca

M2 0.36ABab 0.32Bb 0.45Ab 0.08Cbc

M3 0.33Bb 0.33Bb 0.45Ab 0.06Cc

Lactic acid 

(mmol·mL−1)

CON 7.23A 7.48A 4.87Ba 3.47Ba 0.326 <0.001 0.014 <0.001

M1 7.72A 7.17A 5.35Ba 1.80Cab

M2 7.49A 6.19B 5.27Ba 2.71Ca

M3 7.94A 7.23B 3.61Cb 0.53Db

CON, without adding molasses; M1, 1% molasses addition; M2, 2% molasses addition; M3, 3% molasses addition; T, level of molasses addition; D, aerobic exposure time (d); D × T, the 
interaction between aerobic exposure time and level of molasses addition.
Values in the same row with different capital letter superscripts differ significantly (P < 0.05) among different aerobic exposure times within the same group; values in the same column with 
different lowercase letter superscripts differ significantly (p < 0.05) among different groups at the same aerobic exposure time.

TABLE 6 Effect of molasses addition on volatile acids of the ensilage mixture of seed-used zucchini peel residue and corn stalks by the aerobic 
exposure.

Items Treatment Aerobic exposure time (d) SEM P-value

0 3 6 9 D T D × T

Acetic acid 

(μg·mL−1)

CON 18.44A 18.42A 16.36Ba 5.22Ca 0.773 <0.001 0.598 0.070

M1 19.27A 19.83A 16.79Aa 3.93Bb

M2 18.40AB 20.52A 16.36Ba 3.49Cc

M3 18.64B 20.54A 13.99Cb 4.01Dbc

Propionic acid 

(μg·mL−1)

CON — — 2.34B 2.37A 0.041 <0.001 0.077 0.437

M1 — — 2.33B 2.37A

M2 — — 2.34B 2.38A

M3 — — 2.34B 2.36A

Butyric acid 

(μg·mL−1)

CON — — — 2.67b 0.009 — 0.014 —

M1 — — — 2.65bc

M2 — — — 2.72a

M3 — — — 2.65c

CON, without adding molasses; M1, 1% molasses addition; M2, 2% molasses addition; M3, 3% molasses addition; T, level of molasses addition; D, aerobic exposure time (d); D × T, the 
interaction between aerobic exposure time and level of molasses addition.
Values in the same row with different capital letter superscripts differ significantly (P < 0.05) among different aerobic exposure times within the same group; values in the same column with 
different lowercase letter superscripts differ significantly (p < 0.05) among different groups at the same aerobic exposure time.
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nutritional value. Clearly, the peel residue of seed-used zucchini 
supplied necessary moisture for the corn stalks, facilitating the 
fermentation process, while molasses provided sufficient WSC and 
improved the nutritional composition of the feed.

The results of this study demonstrate that the addition of molasses 
significantly increased the population of lactic acid bacteria (LAB) in 
silage. This finding is consistent with previous studies, which have 
shown that molasses serves as an effective microbial stimulant, 
promoting the growth of beneficial microorganisms such as LAB 
(Lukkananukool et al., 2019). The increased LAB population likely 
contributed to the improved fermentation quality observed in the 

molasses-added group, as LAB play a crucial role in reducing pH and 
inhibiting the growth of undesirable microorganisms. In this 
experiment, the higher lactic acid content and lower pH values in the 
M3 group can be attributed to the increased activity of LAB. This is 
consistent with the highest number of LAB observed in the M3 group, 
suggesting that molasses at this concentration provided an optimal 
environment for LAB proliferation. During the fermentation process, 
microorganisms utilize these carbohydrates for their growth and 
metabolic activities, generating a large amount of organic acids and 
thus reducing the pH value of the silage (Luo et al., 2021). Previous 
studies have shown that adding molasses to silage resulted in a lower 

TABLE 7 Effect of molasses addition on the silage quantity of the ensilage mixture of seed-used zucchini peel residue and corn stalks by the aerobic 
exposure.

Items Treatment Aerobic exposure time (d) SEM P-value

0 3 6 9 D T D × T

Lactic acid 

bacteria lg 

(CFU/g FM)

CON 4.95Ab 4.80A 4.49Bb 4.45B 0.049 <0.001 0.005 0.033

M1 5.41Aa 4.65B 4.93Ba 4.70B

M2 5.62Aa 4.72B 4.59Bb 4.60B

M3 5.78Aa 4.91B 4.91Ba 4.48B

Yeast lg 

(CFU/g FM)

CON 4.75B 5.32Aa 5.23AB 5.62Ab 0.071 <0.001 0.239 0.002

M1 4.74B 5.46ABa 5.15AB 5.63Ab

M2 4.52B 4.91ABab 5.04AB 5.39Ab

M3 4.40B 4.36Bb 5.75A 6.20Aa

Mold lg 

(CFU/g FM)

CON 0 2.86C 4.37B 5.18Ab 0.138 <0.001 0.232 0.647

M1 0 2.74C 4.43B 5.53Aab

M2 0 3.33C 4.39B 5.21Ab

M3 0 3.26B 4.56AB 6.00Aa

CON, without adding molasses; M1, 1% molasses addition; M2, 2% molasses addition; M3, 3% molasses addition; T, level of molasses addition; D, aerobic exposure time (d); D × T, the 
interaction between aerobic exposure time and level of molasses addition.
Values in the same row with different capital letter superscripts differ significantly (P < 0.05) among different aerobic exposure times within the same group; values in the same column with 
different lowercase letter superscripts differ significantly (p < 0.05) among different groups at the same aerobic exposure time.

TABLE 8 Effect of molasses addition on the ruminal dry matter 
degradation of the ensilage mixture of seed-used zucchini peel residue 
and corn stalks.

Items CON M1 M2 M3 SEM P-
value

Ruminal degradation rate (%)

4(h) 36.02a 29.72b 33.53b 36.53a 0.606 <0.001

8(h) 38.95b 38.40b 43.92a 44.00a 0.590 <0.001

12(h) 45.05b 47.48b 52.07a 53.07a 0.802 <0.001

24(h) 59.16c 61.35b 67.81a 66.16a 0.792 <0.001

48(h) 70.93c 78.55b 82.31a 79.58b 0.926 <0.001

72(h) 75.25c 84.62b 85.99a 85.99a 0.967 <0.001

Ruminal degradation parameters

a(%) 27.19a 19.71b 21.53b 26.92a 0.779 <0.001

b(%) 52.12c 68.91a 66.33a 61.32b 1.405 <0.001

c(%/h) 0.038b 0.041b 0.051a 0.043b 0.001 <0.001

ED(%) 58.78c 61.98b 65.84a 65.49a 0.617 <0.001

CON, without adding molasses; M1, 1% molasses addition; M2, 2% molasses addition; M3, 
3% molasses addition.
In the same row, values with different letters differ significantly (P < 0.05).

TABLE 9 Effect of molasses addition on the ruminal crude protein 
degradation of the ensilage mixture of seed-used zucchini peel residue 
and corn stalks.

Items CON M1 M2 M3 SEM P-
value

Ruminal degradation rate (%)

4(h) 18.43d 29.70b 23.41c 37.06a 2.132 <0.001

8(h) 25.61d 34.74b 30.77c 40.38a 1.661 <0.001

12(h) 30.01c 38.82b 38.78b 48.43a 1.999 <0.001

24(h) 36.81d 43.23c 49.22b 51.93a 1.779 <0.001

48(h) 52.30b 60.75a 55.24b 61.02a 1.194 <0.001

72(h) 57.51d 62.26c 65.38b 71.05a 1.513 <0.001

Ruminal degradation parameters

a(%) 14.45c 25.66b 16.24c 35.14a 2.517 <0.001

b(%) 50.34 45.46 48.42 49.58 1.265 0.605

c(%/h) 0.028b 0.026b 0.046a 0.018b 0.003 <0.001

ED(%) 40.64c 48.54b 47.40b 55.26a 1.577 <0.001

CON, without adding molasses; M1, 1% molasses addition; M2, 2% molasses addition; M3, 
3% molasses addition.
In the same row, values with different letters differ significantly (P < 0.05).
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pH value and a higher lactic acid content (Li et al., 2017), which aligns 
with our findings. A lower pH inhibits the growth of acid-sensitive 
microorganisms, thus reducing nutrient losses.

In our experiment, propionic acid and butyric acid were not 
detected in any of the treatment groups. This absence may be because 
the lactic acid produced through the proliferation of lactic acid 
bacteria inhibited the growth of harmful microorganisms, thereby 
lowering the butyric acid production and nutrient loss. This 
observation is consistent with the higher dry matter content noted in 
the groups with added molasses. Some studies have found that 
reducing pH can help inhibit protein hydrolysis, thus preserving 

protein (Luo et al., 2021). The ratio of NH3-N to TN serves as an 
indicator of protein degradation in silage; higher values indicate 
greater protein breakdown and poorer feed quality (Xia et al., 2017). 
In previous studies involving mixed silage of amaranth and corn 
stover, glucose addition was found to reduce the NH3-N/TN ratio 
compared to the control group (Ma et al., 2023). In this experiment, 
the NH3-N/TN ratio in the molasses-added groups was lower than 
that in the control group, confirming the inhibition of protein 
hydrolysis activities (Mordenti et al., 2021). The addition of molasses 
promotes anaerobic fermentation, increases the percentage of lactic 
acid, reduces pH and ammonia nitrogen content, thereby inhibiting 
protein hydrolysis, better preserving the nutritional components of 
the silage, and improving feed quality.

Aerobic stability is an important indicator for assessing whether 
silage has deteriorated (Carvalho et  al., 2015), and presents a 
significant challenge for farmers utilizing silage (Muck, 2004). 
Spoiled feed not only diminishes nutritional value but can also pose 
serious health risks to livestock (Wambacq et al., 2013). The increase 
in temperature and pH during aerobic exposure is primarily driven 
by the activity of aerobic microorganisms, such as yeasts and molds, 
which utilize water-soluble carbohydrates (WSC) and lactic acid as 
energy sources (Johnson et al., 2002). Temperature change is widely 
used to assess aerobic stability (Shan et al., 2021). In our study, the 
CON group exhibited the highest aerobic stability, likely due to its 
lower WSC and lactic acid content, which limited the growth of 
aerobic microorganisms. Conversely, the molasses-added groups, 
particularly M3, showed reduced aerobic stability, consistent with 
their higher WSC and lactic acid levels. This aligns with previous 
findings that adding fermentable carbohydrates, such as glucose or 
molasses, can enhance initial fermentation but reduce aerobic 
stability (Dong et  al., 2020). During aerobic exposure, higher 
amounts of molds and yeasts in the M3 group compared to other 
treatments were likely due to its greater WSC and lactic acid content. 
This suggests that abundant nutrients create a favorable environment 
for aerobic microorganisms, promoting their growth and 
reproduction (Mu et al., 2021; Qiu et al., 2024).

During aerobic exposure, the decline in lactic acid and acetic acid 
content, coupled with the increase in propionic acid and butyric acid, 
reflects the metabolic shift from anaerobic to aerobic conditions. 
Lactic acid, a key product of anaerobic fermentation, is rapidly 
consumed by aerobic microorganisms, leading to a rise in pH and the 
proliferation of spoilage bacteria (Liu et al., 2024). The production of 
butyric acid, which has a strong odor, is particularly concerning as it 
can reduce feed palatability and intake, ultimately affecting animal 
performance (Wambacq et al., 2013). The ammonia nitrogen content 
of all treatments showed an increasing trend from 0 to 6 days, which 
might be  due to the fact that during the aerobic exposure stage, 
aerobic microorganisms used the fermentation substrate to degrade 
crude protein in the silage into ammonia nitrogen (Chen et al., 2014). 
However, in the later stage of aerobic exposure, the ammonia 
nitrogen content decreased, which might be  attributed to the 
utilization of ammonia nitrogen by some aerobic microorganisms 
under aerobic conditions, as well as potential losses due to 
volatilization. The reduction in aerobic stability negatively impacts 
the preservation and utilization of silage. To address this issue, 
molasses can be  used in combination with other additives to 
effectively enhance the aerobic stability of the feed. Research has 
shown that the addition of both molasses and Lactobacillus plantarum 

TABLE 10 Effect of molasses addition on the ruminal neutral detergent 
fiber degradation of the ensilage mixture of seed-used zucchini peel 
residue and corn stalks.

Items CON M1 M2 M3 SEM P-
value

Ruminal degradation rate (%)

4(h) 18.93c 19.78bc 21.08ab 22.50a 0.459 0.005

8(h) 24.48b 26.79b 25.88b 31.76a 0.887 <0.001

12(h) 30.23b 31.45ab 30.73ab 34.62a 0.71 0.098

24(h) 42.98 45.45 43.10 42.65 0.724 0.566

48(h) 56.65b 59.67a 56.56b 56.11b 0.561 0.065

72(h) 59.55c 67.52a 65.19ab 64.68b 0.938 <0.001

Ruminal degradation parameters

a(%) 10.45c 12.78bc 14.89b 19.73a 1.103 <0.001

b(%) 52.75 61.24 60.49 54.61 1.551 0.113

c(%/h) 0.040a 0.031ab 0.027b 0.025b 0.002 0.055

ED(%) 42.75b 46.47a 45.18a 46.24a 0.486 0.002

CON, without adding molasses; M1, 1% molasses addition; M2, 2% molasses addition; M3, 
3% molasses addition.
In the same row, values with different letters differ significantly (P < 0.05).

TABLE 11 Effect of molasses addition on the ruminal acid detergent fiber 
degradation of the ensilage mixture of seed-used zucchini peel residue 
and corn stalks.

Items CON M1 M2 M3 SEM P-
value

Ruminal degradation rate(%)

4(h) 17.23b 16.95b 18.66b 27.14a 1.303 <0.001

8(h) 22.89c 25.91b 25.82b 30.70a 0.888 <0.001

12(h) 29.13b 31.31b 28.81b 35.04a 0.834 0.003

24(h) 41.05b 43.83a 42.00ab 42.44ab 0.424 0.112

48(h) 54.16b 58.15a 55.53b 55.30b 0.514 0.011

72(h) 59.42b 63.78a 64.87a 62.91a 0.685 0.003

Ruminal degradation parameters

a(%) 9.70c 9.46c 13.37b 23.40a 1.732 <0.001

b(%) 53.57b 57.67ab 60.54a 52.75b 1.137 0.017

c(%/h) 0.037a 0.039a 0.026b 0.019c 0.002 <0.001

ED(%) 41.38c 44.43b 44.04b 46.18a 0.536 <0.001

CON, Without adding molasses; M1, 1% molasses addition; M2, 2% molasses addition; M3, 
3% molasses addition.
In the same row, values with different letters differ significantly (P < 0.05).
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in silage significantly improves aerobic stability compared to using 
molasses alone (Mu et al., 2021). Furthermore, adding propionic acid 
to molasses-based silage also markedly enhances the aerobic stability 
of the feed (Chen et al., 2016). These methods provide viable solutions 
for improving the preservation performance of silage.

Adding molasses during the silage phase may enhance feed 
utilization (Douglas et al., 2019). In this experiment, the increased 
degradation rates of DM and CP served as clear evidence. Both are 
important indicators for evaluating the nutritional value of feed. The 
dry matter degradation characteristics reflect the overall energy 
supply of the feed, which is significantly influenced by the fiber 
content and structure in the feed. On the other hand, the ruminal 
crude protein degradation characteristics reflect the efficiency of 
protein utilization, with its degradation rate being closely related to 
the structure and composition of the protein in the feed. The increase 
in both can be attributed to the high content of WSC in molasses, 
which serve as an easily fermentable energy source for ruminal 
microorganisms. Enhanced microbial activity not only accelerates the 
breakdown of DM and CP but also promotes the production of 
volatile fatty acids (VFAs), which are crucial for energy supply in 
ruminants. In our study, the DM degradation rates in the molasses-
added groups (M2 and M3) were significantly higher than those in 
the CON, particularly after 24 h of incubation. This is roughly in line 
with previous research. They used a 4% molasses addition, which 
significantly increased the ruminal degradation rate of dry matter in 
rice straw silage (Zhao et al., 2019). These findings underscore the 
role of molasses in enhancing feed digestibility and nutrient 
availability. Research indicates that silage made from mixture of seed-
used zucchini peel residue and corn stalks possesses significant 
nutritional advantages. Compared to other treatment methods, this 
feed demonstrates a higher nutrient degradation rate. Specific data 
show that corn silage supplemented with oregano essential oil and 
organic cobalt has a DM rumen degradation rate of 55.88–56.60% at 
48 h (Li et  al., 2021). In contrast, corn stover silage with added 
defective fragrant pears exhibits a DM degradation rate ranging from 
45 to 55% (Guo et al., 2024). Furthermore, when lactic acid bacteria, 
glucose, and cellulase are introduced into silage made from amaranth 
and corn stover, the 72 h DM rumen degradation rate reaches 
64–71.9% (Ma et al., 2023). Notably, the 72 h DM degradation rate of 
the silage made from seed-used zucchini peel residue and corn stover 
in this study is as high as 75–85%. This result not only significantly 
surpasses other treatment methods but also highlights the immense 
potential of seed-used zucchini peel residue as a high-quality 
feed ingredient.

In our experiment, at all-time points, the ruminal degradation 
rate of CP in the molasses-added groups was higher than that in the 
control group, with the M3 group exhibiting the highest effective 
degradation rate. This observation is consistent with the finding that 
the M3 group had the highest CP content and corroborates previous 
research (Anggraeni et al., 2024). However, unlike previous studies 
that focused on a single forage substrate, our study investigated the 
mixed ensilage of seed-used zucchini peel residue and corn stalks. 
This combination not only provided a unique substrate for microbial 
activity but also highlighted the synergistic effects of molasses and 
agricultural by-products on feed quality. The higher CP degradation 
rates observed in the molasses-added groups, particularly in the M3 
group, further support the notion that molasses can optimize nutrient 
utilization in ruminants.

For ruminants, the rumen is crucial for nutrient digestion, 
particularly fiber digestion (Liu et al., 2019). The unique microbial 
ecosystem in the rumen produces cellulolytic and ligninolytic 
enzymes that effectively decompose and transform fiber components 
in feed, providing ruminants with the energy and other essential 
nutrients needed for life and production activities, making it integral 
to their overall metabolism (Xing et al., 2020). In this experiment, the 
ruminal degradation rates and effective degradation rates of neutral 
detergent fiber and acid detergent fiber at 72 h in the groups with 
added molasses were higher than those in the control group. This 
may relate to the preference of fiber-decomposing microorganisms 
for the soluble sugars found in molasses (Fondevila et al., 1994). 
Molasses supplies carbohydrates for rapid fermentation, and 
cellulolytic bacteria initially convert carbohydrates into glucose, 
which is subsequently fermented to yield methane, carbon dioxide, 
water, and volatile fatty acids, ultimately increasing cellulose 
digestibility (Ciriaco et al., 2015; Izquierdo et al., 2021).

In conclusion, our findings highlight the potential of molasses as 
a valuable additive for improving silage quality. By promoting the 
growth of LAB and enhancing fermentation, molasses could 
contribute to more efficient and sustainable silage production 
practices. Despite these insights, our study has some limitations. For 
instance, we did not measure the total bacterial count or analyze the 
microbial community composition, which could have provided a 
more comprehensive understanding of the microbial dynamics in 
silage. Furthermore, the experiment was conducted under controlled 
conditions; field studies are needed to validate the feed utilization in 
actual feeding scenarios. Future research should explore the long-
term effects of this silage feed on animal performance, as well as the 
potential of combining molasses with other feed additives to further 
enhance nutrient utilization and feed efficiency. We believe that in the 
future, a technical service platform could be established to encourage 
collaboration between feed enterprises and farmers. Additionally, 
further research should focus on developing high-value-added 
products to improve the market competitiveness of agricultural waste 
such as seed-used zucchini peel residue.

5 Conclusion

This study demonstrated that the addition of molasses effectively 
addressed the quality issues of ensilage mixture comprising seed-used 
zucchini peel residue and corn stalks. Compared to the CON group, 
the addition of molasses significantly reduced the pH and the ratio of 
ammonia nitrogen to total nitrogen (NH3-N/TN) in the ensilage 
mixture of seed-used zucchini peel residue and corn stalks. In the 
groups with molasses added, the pH values decreased by 0.08, 0.09, 
and 0.13, respectively, compared to the control group. The ratio of 
NH3-N/TN decreased by 1.52, 1.86, and 2.24, respectively, compared 
to the control group. Notably, the feed with 3% molasses exhibited the 
most significant improvements. The aerobic stability of the silage feed 
in this study was relatively good, allowing preservation for about 
6 days. However, in practical production, it is recommended to fully 
utilize the feed within 2–3 days. In conclusion, based on the 
fermentation quality and ruminal degradation rates, we can confirm 
that molasses has effectively improved the fermentation quality and 
utilization efficiency of the ensilage mixture containing the seed-used 
zucchini peel residue and corn stalks. In the future, we will further 
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investigate the microbial community succession during the ensilaging 
process of seed-used zucchini and corn stalks, exploring the 
correlation between microorganisms and feed quality.
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