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Abstract : 

An in vitro experiment was carried out at Animal Production Department to study effect of 

addition of baker's yeast (BY) on fermentation quality of ensiled corn crop residuals (CCR) 

and its nutritive value. Silage samples were prepared in laboratory with addition of 6 levels 

of BY, 0, 2.5, 5, 7.5, 10 and 12.5 g/sample. 10% of dates honey (DH) was added as soluble 

sugars to stimulate silage fermentation. In accordance with CCR levels, silages were labeled 

CCR0, CCR2.5, CCR5, CCR7.5, CCR10 and CCR12.5 respectively. Additives were dissolved in 

quantity of water enough to reduce dry matter content of CCR to about 30-35%. All samples 

were ensiled for 60 days. Results showed that ensiling had beneficial effect on chemical 

composition as evidenced by reducing crude fiber (CF) content. Better quality was associated 

with CCR7.5 and CCR12.5.  Both silages were characterized with greenish yellow color and 

odor of fermented fruits and lower pH (4.26 vs. 4.21). However, the former attained lower 

(P˂0.05) DM loss (9.26 vs. 11.32%) and higher (P˂0.05) Fleig point (89.22 vs. 85.03). In 

vitro dry matter digestibility (IVDMD) was improved by ensiling and addition of yeast 

especially in CCR7.5. 
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يزة الخبز في نوعيت تخمزاث سايلج مخلفاث الذرة الصفزاء وقيمته تاثيز اضافت مستوياث مختلفت من خم

 الغذائيت

 

 و اميز سالم مطلب      حسين   و هيثم محمد       علي امين سعيد
 

 : الخالصت

يخهفاث  اجشٚج دساست يخخبشٚت فٙ قسى االَخاج انحٕٛاَٙ نذساست حأثٛش اضافت خًٛشة انخبز فٙ َٕعٛت حخًشاث ساٚهج

ٔ  5ٔ 2.5 ٔ  0يسخٕٚاث يٍ خًٛشة انخبز,  6يحصٕل انزسة ٔقًٛخّ انغزائٛت. حضشث ًَارج انساٚهج فٙ انًخخبش باضافت 

% كًصذس نهسكشٚاث انزائبت نخشجٛع حخًشاث انساٚهج. ارٚبج 10غى/ًَٕرج. كًا اضٛف عسم انخًش بًعذل  12.5ٔ  7.5

 60%. خزَج جًٛع انًُارج نًذة 35-30ِ يٍ انًادة انجافت انٗ حٕانٙ األضافاث بكًٛت كافٛت يٍ انًاء نخفض يحخٕا

ٕٚيا. اظٓشث انُخائج بأٌ انسٛهجت كاٌ نٓا حأثٛش يفٛذ فٙ انخشكٛب انكًٛٛائٙ يٍ خالل خفض انًحخٕٖ يٍ األنٛاف انخاو. 
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ز كالًْا بانهٌٕ األصفش غى نهًُٕرج, حٛث حًٛ 12.5ٔ  7.5ٔقذ ححققج افضم َٕعٛت نهساٚهج عُذ اضافت انخًٛشة بًعذل 

(. ٔبانشغى يٍ رنك فقذ 4.21يقابم  4.26انًخضش ٔسائحت انفٕاكّ انًخخًشة يع حسجٛم أطأ قًٛت نألس انٓٛذسٔجُٛٙ )

يقابم  89.22قًٛت فهٛغ )  (P˂0.05)( ٔأعه11.32ٗيقابم  9.26فقذ فٙ انًادة انجافت )  (P˂0.05)سجم انُٕع األٔل اقم

 7.5فٙ انٓضى انًخخبش٘ نهًادة انجافت َخٛجت نهسٛهجت ٔأضافت انخًٛشة ٔبخاصت عُذ انًسخٕٖ (. ٔقذ حصم ححسٍ 85.03

 غى/ًَٕرج.

 يخهفاث يحصٕل انزسة, خًٛشة انخبز, عسم انخًش ٔ انساٚهج كلماث مفتاحيت:

Introduction     :  

Silage is forage, crop residues or even 

agricultural and industrial by-products 

preserved by acids, in the absence of air 

(2).  Silage and hay are common ways to 

conserve surplus forages, however silage is 

considered the better way (8). A forage 

crop can be cut early and only with low 

DM content to be ensiled successfully. 

Hence, there is no need to dry out the plant 

material any more than that (15). The idea 

of preservation depends on fermentation of 

soluble sugars of ensiled materials by 

anaerobic microbial activity and increase 

acidity due to production of organic acids 

especially lactic acid (6). Maximum 

nutrient preservation in silage is dependent 

on how rapidly the fermentation is 

attained. Kung, et. al., (19) reported that 

prompt reduction in pH obstructs the 

growth of undesirable anaerobic 

microorganisms i.e. enterobacteria and 

clostridia. 

Accumulated acids reduce pH value to 

about 4 or below, at this point, microbes 

may die and the ensiled material will 

preserved as long as entry of air is 

prevented (16). Otherwise, failure of 

maintaining anaerobic condition will lead 

to arise of secondary fermentation 

characterized with aerobic oxidation of 

organic matter and accumulation of 

effluents below the ensiled mass. In this 

undesirable case, less palatable stinky 

silage may produce with low quality due to 

increase DM loss (29). 

Although field work is required, laboratory 

silos, however, are still considered a 

practical method of comparing a number 

of treatments (25). Therefore, the objective 

of the study is to investigate the effect of 

addition of baker's yeast (BY) 

Saccharomyces cerevisae on silage quality, 

since its activity may help in depletion of 

oxygen that may remained inside the 

stored material and improve ensiling 

condition.  

 

Materials and methods : 

Corn crop residuals (CCR) remained in the 

field after harvesting of cobs was collected 

from Almusaieb Mashroa, about 40 km 

northern Babylon Province. These 

residuals included steams and leaves of 

corn crop without cobs covers. All these 

parts were chopped to about 2-5 cm. Dates 

honey (DH) as a source of soluble sugars 

was added at rate of 10% on DM basis (1, 

27), to stimulate growth and activity of 

lactic acid bacteria (22,  26). Angel 

commercial baker's yeast product (BY) 

was added at 0, 2.5, 5, 7.5, 10 and 12.5g 

per sample. Chemical composition of 

ingredients is shown in Table 1. Diluted 

solution was prepared by dissolving 

additives in estimated quantity of tap water 

enough to reduce dry matter (DM) content 

of CCR to about 30-35% (17). Addition 
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solution was sprayed on chopped CCR, 

well mixed and 300 g were packed in 

nylon bags.  Bags were compressed tightly 

and closed firmly. For control silage, CCR 

was sprayed and mixed with a diluted DH 

solution without yeast. All 300 g treated 

CCR containing bags were stored in a pit 

silo, filled up with soil, well compressed 

and left with loads on for 60 days during 

January and February. Sixty days was 

reported to be the sufficient period for 

completeness of silage fermentation (27). 

 

Table 1. Chemical composition of ingredient used in making silages 

Ingredients DM 
% in DM 

OM CF CP EE NFE 

CCR 89.21 88.48 32.69 5.68 1.43 48.68 

DH 15.72 92.63 0.53 1.39 1.12 89.59 

BY 95.12 94.33 - 43.65 - 50.68 

CCR, corn crop residuals, HD, dates honey, BY, baker's yeast.  

IVDMD of CCR was 62.62% 

 

Sensory characteristic including color, 

odor and presence of fungi growth were 

determined as described by Saeed (26). 

Yellow and brown were considered major 

colors; graduations of both colors 

including light and dark in addition to the 

colors may exist from the interaction 

between major colors and other colors 

such as greenish and reddish yellow were 

used to describe changes in color. Vinegar 

and fermented fruits with different 

acuteness were assigned to describe odor 

of silage samples. Presence and extent of 

fungi was expressed by – or + signs. 

Silage quality was determined according to 

pH values of silage samples and their Fleig 

points (Fp), the later were estimated as 

described by Kilic (18), where the Fp state 

that values between 85 to 100 signify very 

good quality; 60 to 80, good quality; 55 to 

60, moderate quality; 25 to 40, satisfying 

quality; and < 20 worthless.  

Fleig point = 220 + (2× % Dry Matter -15) 

– 40 × pH.  

As ensiling period was over, bags were 

collected and transferred to laboratory 

using isolated boxes provided with ice 

cubes. Bags were opened successively to 

determine pH and to perform chemical 

analysis. Water extracts were prepared as 

described by Levital, et. al., (21). Where, 

100 ml of distilled water was added to 25 g 

of fresh samples and blended for 10 min, 

pH values were used immediately in 

filtrate using pH-meter. Samples of silage 

were dried in air forced air oven at 60C° 

for 48 hours. Contents of organic matter 

(OM), crude fiber (CF), crude protein 

(CP), ether extract (EE) were determined 

according to AOAC (2). Nitrogen free 

extract (NFE) was determined by 

subtraction. In vitro dry matter digestibility 

(IVDMD) of silage samples were 

determined as described by Tilley and 

Terry (33).  

Data were analyzed according to 

Completely Randomized Design (CRD) 

design procedure (SAS, 32). Duncan’s 
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multiple range tests was used to determine 

the significance of differences between 

treatments means (12). 

  

Result and discussion: 

Current study was based on fact that 

removal of oxygen often remained in the 

ensiled materials help achieving anaerobic 

condition and high quality fermentation 

thereafter. Addition of BY may help 

scavenging trapped air. Accordingly, effect 

of addition of BY on fermentation quality 

and nutritive value of CCR silages was 

studied in relation with chemical 

composition since it is a criterion of 

changes may occurred during ensiling 

(37), and sensory characteristics since it is 

associated with fermentations of silage. 

Trulea, et. al., (34) reported that sensorial 

characteristics are important indicators of 

silage quality; they considered texture, 

smell and color as the main characteristics 

which indicate the quality of silage.  

1- Changes in chemical composition 

Chemical composition of CCR and CCR 

silages is shown in Table 2. Results 

revealed that DM content of silage was not 

affected by level of BY. This may due to 

the general effect of addition of DH and 

completeness of silage fermentation during 

the 60 days storage. Salih (31) reported 

that silage fermentation is completed in 60 

days as compared with 45 days. No 

significant changes were occurred when 

this period was extended to 75 or 90 days. 

The close relation between levels of 

soluble sugars in ensiled materials, extent 

and trend of silage fermentations is well 

established (10). Moderate ambient 

temperature during ensiling in a current 

study may participate in this finding, since 

it stimulated silage fermentation leading to 

similar effect on DM loss. DM content of 

ensiled CCR samples was lower than that 

of CCR (89.21%). This was expected since 

water was added at ensiling time. 

Moreover, Lehtomäki (20) found that DM 

and OM content of stored crops were in 

general lower than those of fresh materials. 

Results showed that addition of yeast 

caused depression (P<0.05) in OM content. 

There were 3.47, 3.26 and 5.08% 

decreases in OM content of CCR2.5, CCR5 

and CCR7.5 as compared with CCR0, 

respectively. This may be explained by the 

formation of volatile fatty acids (VFA) 

during ensiling as evidenced by significant 

(P<0.05) increase in EE content of silages. 

Ether extract contents were ranged from 

1.33 in control silage to 2-3% in yeast-

added silages. These levels were consistent 

with those reported by Calsamiglia, et. al. 

(4) for corn silage (3.01 to 2.67-3.01%). 

Formation and accumulation of VFA is a 

conclusive concern in making silage. 

Earlier, Gupta and Pradhan (16) 

demonstrated that successful ensiling may 

involve desirable changes stimulating VFA 

producing fermentations. In a current 

study, CCR7.5 characterized with higher 

depression in OM accompanied with 

higher increase in EE content. 
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Table 2. Effect of addition of different levels of baker's yeast on chemical composition 

of ensiled corn crop residuals (% ± SE) 

Corn residuals silages DM 
% in DM 

OM CF CP EE NFE 

CCR0 
26.63 

± 0.51 

87.68 

± 3.25
a
 

29.91 

± 1.08
a
 

5.22 

± 0.29 

1.33 

± 0.05
b
 

51.22 

± 2.97 

CCR2.5 
28.89 

± 0.25 

84.21 

± 4.64
b
 

30.18 

± 2.01
a
 

5.23 

± 0.22 

2.49 

± 0.08
b
 

46.31 

± 3.13 

CCR5 
31.43 

± 0.33 

84.42 

± 3.51
b
 

29.15 

± 0.95
a
 

5.36 

± 0.19 

2.26 

± 0.09
b
 

47.65 

± 2.81 

CCR7.5 
27.31 

± 0.38 

82.60 

± 5.44
b
 

27.79 

± 1.44
b
 

5.42 

± 0.18 

3.58 

± 0.08
a
 

45.81 

± 2.55 

CCR10 
29.50 

± 0.40 

87.82 

± 4.58
a
 

29.83 

± 2.44
a
 

5.47 

± 0.20 

2.19 

± 0.07
b
 

50.33 

± 3.14 

CCR12.5 
24.21 

± 0.30 

87.34 

± 4.41
a
 

28.25 

± 1.03
b
 

5.37 

± 0.34 

2.13 

± 0.09
b
 

51.59 

± 2.95 

CCR0, CCR2.5, CCR5, CCR7.5, CCR10 and CCR12.5 are corn crop residuals ensiled with 

0, 2.5, 5, 7.5, 10 and 12.5 g baker's yeast / sample, respectively.  

Vertically different letters refer to significant differences at 0.05 

 

Chemical analysis of ensiled corn residuals 

samples revealed that crude fiber (CF) 

content was about 28-30%. Miron, et. al. 

(23) reported that CF content of silages 

made from corn crop was below or above 

25.8% depending on the stage of 

harvesting and verities. Results of the 

current study showed that addition of yeast 

had positive effect on CF content. This 

confirmed by the fact that fermentation 

processes involved partial degradation of 

cell wall fraction due to activity of silage 

microbes. Depression in CF content of 

silages made from equatorial dry 

roughages had been attributed to the 

breakdown of cell wall components due to 

increased vitality of bacterial species that 

possessed cellulose and hemicellulose 

activity (6). Kung, et. al., (19) and Nadeau, 

et. al., (24) have attributed the decline in 

fiber contents of silage to microbial 

proteolytic and fibrolytic activities. The 

same finding was observed by Saeed (27) 

in wheat straw silage. The addition of 

soluble sugars in this connection is known 

to enhance fermentation which 

subsequently increases cell wall 

degradation (3). Higher (P˂0.05) 

percentage depressions in CF content as 

compared with CCR (Table 1) were 

observed in CCR7.5 (14.98%) and CCR12.5 

(13.58%). Saeed (27) reported that 10% of 

molasses added as fermentable 

carbohydrates to stimulate silage 

fermentation may be not enough to 

maintain the vigor of silage microbes, 

inducing cellulolytic bacteria to degrade 

the structural carbohydrate of straw and 

utilize end products to meet the increased 

microbial demand for energy. This provide 

inquiry, whether, addition lower level of 

soluble carbohydrates may give rise of 
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better effect on mass of structural 

carbohydrate components. Nevertheless, 

according to Ohio State experience, it was 

indicated that addition of molasses at 10-

20% of roughage crops (on dry matter 

basis) improved silage quality and rate of 

fermentation (36). In Iraq, most studies 

indicated that 10% of molasses was the 

preferred level (27, 28; 29, 30, 31).  

No significant changes in CP and NFE 

contents were illustrated from statistical 

analysis of data obtained in the current 

study. This may induce a conclusion that 

good silage fermentations were occurred 

and no evidence enhances the idea that 

secondary fermentations were not taken 

place due to moderate ambient 

temperature.   

2- Changes in sensory characteristics 

and pH 

Table 3 shows observations of sensory 

characteristics and pH values. Color 

descriptions indicated that ensiled corn 

residues made in the current study had 

been graded between light brown in 

CCR2.5 and CCR5 and greenish yellow in 

CCR7.5 and CCR12.5. This color changes is 

in agreement with observation of Caluya 

(5) who reported that during ensiling for 

60 days color of silage had been changed 

from yellow to greenish yellow. 

 

Table 3. Effect of addition of different levels of baker's yeast on sensory and quality 

characteristics and pH of ensiled corn crop residuals 

  

pH 
Presence of 

fungi 
Smell Color Corn residuals silages 

4.45 

± 0.08 
+ 

Diluted 

vinegar 
Light brown CCR0 

4.46 

± 0.09 
- 

Diluted 

vinegar 
Light brown CCR2.5 

4.57 

± 0.07 
- 

Concentrated 

vinegar 
Light brown CCR5 

4.26 

± 0.14 
- 

Fermented 

fruits 

Greenish 

yellow 
CCR7.5 

4.43 

± 0.08 
+ 

Diluted 

vinegar 
Dark yellow CCR10 

4.21 

± 0.10 
- 

Fermented 

fruits 

Greenish 

yellow 
CCR12.5 

CCR0, CCR2.5, CCR5, CCR7.5, CCR10 and CCR12.5 are corn crop residuals ensiled with 

0, 2.5, 5, 7.5, 10 and 12.5 g baker's yeast/sample, respectively.  

Vertically different letters refer to significant differences at 0.05 

 

Acidic odor was clearly detected and it 

was highly concentrated in CCR5, and 

diluted in CCR2.5 and CCR10. Whereas, 

CCR7.5 and CCR12.5 were characterized 

with odor of fermented fruits which may 

indicates accumulation of lactic acid. This 

pleasant odor was accompanied with lower 

pH. Saeed (27) reported that odor of 
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fermented fruits was detected in wheat 

straw silage due to addition of molasses at 

rate of 10%. Since soluble sugars were 

added at similar rate for all silages in a 

current study, association odor of 

fermented fruits with CCR7.5 and CCR12.5 

may indicates role of yeast per se.  

If observation concerning depression in 

OM and increase in EE contents of CCR7.5 

are taken together and considering EE 

content as an indicator for VFA which 

unfortunately for technical considerations 

did not determined in the current study, 

then the priority will certainly goes 

towards this silage and the level of yeast 

added may be the conclusive point.   

All CCR silages were well fermented as 

evidenced by pH values and absence of 

fungi growth accept CCR0 and CCR10. 

Values of pH in a current study were 

ranged from 4.21 to 4.57 and were almost 

similar to 4.3 and 4.15 reported by 

Deswysen, et. al., (11) and Demirel, et. al., 

(9), respectively. Consequently, pH values 

recorded in the present study were 

considered to be in the acceptable range. 

Statistical analysis revealed no significant 

effect can be attributed to the addition of 

BY or its level. This may occur due to 

addition of soluble sugars at almost high 

level in case of corn residuals. Yunus, et. 

al., (38) reported that addition of molasses 

at 5% was effective enough to stimulate 

silage fermentation through reducing pH 

and producing well preserved lactic acid 

silage.    

3- Characteristics of quality and 

nutritive value 

Characteristics of quality and nutritive 

value are shown in Table 4. Results 

revealed that lower significant (P<0.05) 

DM loss was estimated in CCR5 and 

CCR7.5 with clear priority to the second. 

DM loss in CCR7.5 was 2.93, 2.66, 1.32, 

2.01 and 2.06% lower as compared with 

CCR0, CCR2.5, CCR5, CCR10 and CCR12.5 

respectively. 

Since there were no significant differences 

in DM content of silages due to addition of 

BY (Table 2), differences in DM loss may 

attribute to DM remained in stored 

material and exposed to fermentation and 

not to the level of DM content. Lower 

(P<0.05) DM loss observed in CCR7.5 may 

attribute to mode of fermentation occurred 

in that silage which seemed to be affected 

by the removal of oxygen at preparation 

time. 

Oxidation in anaerobic condition 

characterized with lower loss in both DM 

and OM with a rise of VFA level because 

in such reactions, 3-C atoms pyruvate 

produced in glycolysis pathway will be 

shifted toward formation of alcohols and 

organic acids (22). DM losses estimated in 

a current study were within percentages 

mentioned by Tabacco, et. al., (35). These 

authors reported that losses in sorghum 

silages can account for up to 20% of the 

total stored DM and up to 70% in the 

peripheral areas and near the sidewalls of 

the bunkers. 
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Table 4. Effect of addition of different levels of baker's yeast on DM loss Fp and 

IVDMD of ensiled corn crop residuals 

IVDMD (%) FP DM Loss (%) Feed 

65.12 ± 3.55
b

 80.26 ± 5.66
c
 12.19 ± 0.58

a
 CCR0 

64.81 ± 2.95
b

 84.38 ± 4.82
b
 11.92 ± 0.69

a
 CCR2.5 

65.83 ± 3.15
ab

 85.06 ± 4.75
b
 10.58 ± 0.48

ab
 CCR5 

68.38 ± 3.29
a

 89.22 ± 3.89
a
 9.26 ± 0.44

b
 CCR7.5 

67.98 ± 3.10
a

 86.81 ± 4.21
b
 11.27 ± 0.64

a
 CCR10 

67.45 ± 2.81
a

 85.03 ± 4.83
b
 11.32 ± 0.54

a
 CCR12.5 

CCR0, CCR2.5, CCR5, CCR7.5, CCR10 and CCR12.5 are corn crop residuals ensiled with 

0, 2.5, 5, 7.5, 10 and 12.5 g baker's yeast/sample, respectively. Fp, Fleig points; IVDMD, 

In vitro dry matter digestibility. 

Vertically different letters refer to significant differences at 0.05 

 

Flieg points are considered the most 

adopted procedure to evaluate silage 

quality. Results pointed out that addition of 

BY enhanced this numerical evaluation. 

The increments were about 4 to 9 points 

and all silages made with addition of BY 

were of very good quality (FP>85) 

according to the Fleig point scale (18). 

CCR7.5 scored (P<0.05) higher quality as 

compared with other CCR silages. This 

superiority is a result of positive changes 

in chemical composition and silage 

fermentation as reflected on DM loss and 

pH respectively. Cherney and Cherney (7) 

reported that low fiber silage with a pH 

<4.2 is considered to be properly ensiled. 

Results also showed that IVDMD of CCR 

was clearly improved by ensiling, 

improvement ranged from 2.19 - 5.76 units 

in CCR0 and CCR7.5, respectively. The 

positive effect of addition of yeast on 

digestibility of most nutrients in silage 

made from corn crop residuals was also 

observed by Elkholy, et. al., (13). This 

improvement may due to role of these 

microorganisms in depleting oxygen from 

the ensiling batch. Guides, et al., (14) 

attributed that role to the enhancement 

occurred in the vitality of cellulolytic 

bacteria. 
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