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Effects of Supplemental Humic Substances on Egg Production and Quality in Laying Hens
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ABSTRACT The effects of dietary humic substances (HS) on egg production and egg quality were studied using 252
(55-wk old) ISA brown laying hens. They were divided into 21 groups of 12 hens each and seven groups (experimental units)
were assigned to 1) CON (basal diet), 2) HSS (basal diet + 5% humic substances) or 3) HS10 (basal diet +10% humic
substances) in a completely randomized block design. Hens had free access to diets and water for 6 wk. Egg production and
egg quality were monitored over the 6-wk period. Results showed that 10% dietary HS decreased egg production and yolk
diameter (P<0.05) compared to CON. Egg weight and yolk color were improved (P<0.05) in HS10 compared to CON. Egg
shell breaking strength was increased significantly (P<0.05) when hens were fed HS5 diet compared to the others. There were
no effects of treatments on egg shell thickness, yolk index, albumen height and Haugh unit. The results suggest that the dietary
supplementation of HS at 5% or 10% decreases egg production, but HS at 5% can increase egg shell breaking strength. Hens
fed 10% HS could increase egg weight and yolk color and decrease yolk diameter.

(Key word: humic substances, egg production, egg characteristics)

Introduction

Humic substances (HS) are defined as a series of relatively
high-molecular-weight, yellow to black colored substances
formed by secondary synthesis reaction (Stevenson, 1994).
HS have many beneficial effects, such as antibacterial, antivi-
ral and anti-inflammatory activity (Islam et al., 2005). During
the past several years, humic substances have been used in
poultry feed as an alternative additive to antibiotics (Onifade
et al., 1999).

Remarkable changes in electrolyte balance and enhance-

ments in immune potency of poultry in response to HS supp-

lementation have been reported (Parks et al., 1986). More- -

over, published -articles showed that HS promote growth by
altering partitioning of nutrient metabolism and reducing
ammonia emission in poultry (Bailey et al., 1996; Parks, 1998;

Shermer et al., 1998). To our knowledge, there are a limited
number of articles dealing with dietary HS in laying hens.
Therefore, the present study is to investigate the effect of HS
supplementation on egg production and egg quality in laying

hens.

Materials and Methods

1. Humic Substances

Humic substances make up a large portion of the dark
matter in humus and are complex colloidal supramolecular
mixtures hat have never been separated into pure compo-
nents. HS consist of trace minerals (including iron, manga-
nese, zinc and calcium), organic acids (including fulvic and

humic acids) and others organic compounds.

" To whom correspondence should be addressed : inhokim@dankook.ac.kr
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2. Animals and Diets

A total of 252 ISA brown laying hens (55-wk old) were
blocked according to the cage location in a temperature and
humidity-controlled room with auto-controlled light cycle of
14L: 10D. They were divided into 21 groups of 12 hens
each and seven groups (experimental units) were assigned to
1) CON (basal diet), 2) HS5 (basal diet + 5% humic
substances) or 3) HS10 (basal diet +10% humic substances)
in a completely randomized block design. Hens had free
access to diets and water for 6 wk and egg production and
egg quality were monitored over the 6-wk period. The basal
(control) diet (Table 1) was formulated to meet or exceed
the nutrient requirements of laying hens recommended by
the NRC (1994).

The diets of the first, second and third treatment were su-
pplemented with 0 g/100 g, 5g/100 g and 10g/100 g humic sub-
stances, respectively. Humic substances were supplemented
by replacing the same amount of wheat bran. Humic substances
contained 6% moisture. 40% calcium humate, 10% fulvic
acid, 18% trace minerals, 10% SiO, and 16% kaolin.

3. Sampling and Measurements

Eggs were collected daily and egg production was cal-
culated on a hen-day basis. Eggs were individually weighed
once a week. To determine the egg quality, 30 eggs were
collected randomly from each treatment on saturdays, and all
eggs except soft and broken eggs, were collected to measure
eggshell breaking strength. Eggshell breaking strength (kg/
cm’) was measured using Compression Test Cell in Texture
Test Systems (Model T2100C, Food Technology Corp., Rock-
ville, MD). Shell thickness (mm) was determined in 3 diffe-
rent parts (upper end, lower end and middle) by using micro-
meter. Yolk height and albumen height were measured using
vernier caliper. Albumen, egg shell and shell membranes
were removed from each egg and yolk color was determined
by using yolk color fan (Roche, Switzerland) according to the
CIE standard colorimetric system. Yolk index (%) = (yolk height,
mm/yolk diameter, mm)*100, and Haugh unit = 100xlog (H
+7.57-1.7 W0.37) were also calculated.

4. Statistical Analysis
The data were subjected to analysis using a GLM pro-

cedu\re of SAS (SAS Institute, 1996) for the completely
randomized experimental design. Differences between means
were determined by Duncan’s multiple range test (1955) at

significance level of P<0.05.

Table 1. Diet composition (as-fed basis)

Ingreditents(%o) CON HS5 HS10
Com 50.36 50.36 4536
Soybean meal 18.70 18.70 18.70
Wheat grain 10.00 10.00 10.00
Limestone 7.50 7.50 7.50
Wheat bran 10.00 5.00 -
Animal fat 4.44 4.44 4.44
Corn gluten meal 2.00 2.00 2.00
Tricalcium phosphate 1.40 1.40 1.40
Salt 0.30 0.30 0.30
DL-methionine 0.10 0.10 0.10
Mineral premix' 0.10 0.10 0.10
Vitamin premix’ 0.10 0.10 0.10
Humic substance - 5 10

. see 3
Chemical composition

ME (kcal/kg) 2,904 2,904 2,904

Crude protein (%) 15.45 15.45 15.45
Lysine (%) 0.70 0.76 0.85
Methionine (%) 0.32 0.38 0.41
Calcium (%) 323 3.87 435
Phosphorus (%) 0.61 0.61 0.61
Available P (%) 0.35 0.35 0.35

Provided per kg of premix: 25,000 mg Cu, 40,000 mg Fe,
60,000 mg Zn , 80,000 mg Mn, 1,500 mg I, 300 mg Co and
150 mg Se. '

Provided per kg of premix: 12,500,000 IU vitamin A, 2,500,000
IU vitamin Ds, 10,000 mg vitamin E, 2,000 mg vitamin Kj;, 50
mg biotin, 500 mg folic acid, 35,000 mg niacin, 10,000 mg Ca
pantothenate, 1,000 mg vitamin Bg, 5,000 mg vitamin B, 1,000
mg vitamin, B; and 15 mg vitamin B,.

* Calculated values.

[N
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Results and Discussion

Table 2 shows the effect of dietary HS content on produc-
tivity of laying hens. Hens fed HS10 diet had lower (P<0.05)
egg production than hens fed control or HSS diets. Egg weight
was higher in HS10 group than that in the CON or HS5
groups, showing no difference between the control or HS 5.

Table 3 shows the effect of diet on egg quality indicators
(eggshell strength, eggshell thickness, yolk color, yolk height,
yolk diameter, yolk index, albumen height and Haugh unit).
Eggshell breaking strength was significantly increased (P<
0.05) when diets supplemented with HS at level of 5%. Yolk
color unit was significantlty increased (P<0.05) with the addi-
tion of 10% HS. However, yolk diameter was significantly
reduced (P<0.05) in HS10 compared to the others.

In this study, we observed that HS had negative effect on
egg production. These findings contradict the results of pre-

“vious studies (Kucukersan et al., 2005; Yalcin et al., 2006),
posdibly because of differences such_as feeding duration and
dietary HS concentrations. When response to HS in egg pro-
duction was observed, hens were fed HS concentrations for
at least 0.1%, and at most 2% (Kucukersan et al., 2005; Yal-
cin et al., 2006). In our experiment, We began feeding in our
experimental diets within 5% vs 10% HS, respectively. Kim
et al. (2004) indicated that minerals in humic substances may

affect animal performance.

Table 2. The effects of supplementation of humic substances on

egg production of laying hens

Traits CON! HSS' HS10' SE?

Egg production

0 week 84.78 83.79 82.96 1.74

6 week 79.18°  7391°  68.84° 203
Egg weight (g)

0 week 65.19 65.17 65.92 0.79

6 week 6355 6398 6746 057

! Abbreviations CON, basal diet; HS5, basal diet + 5% humic
substances; HS10, basal diet + 10% humic substances.

? Pooled standard error.

** Means in the same row not sharing the same superscripts di-
ffers(P<0.05).

Adequate mineral concentrations and balance between
minerals are also important items. Thus, excessive amounts

of one mineral may interfere with utilization of one or more

Table 3. The effects of supplementation of humic substances on

egg production of laying hens

Traits CON! HSs' HS10' SE

Eggshell breaking (kg/cm’)
0 week 361 371 377 012
6 week 3.09°  343* 284 008

Eggshell thickness (mm)
0 week 032 032 033 001
6 week 030 031 030 001

Yolk color unit
0 week 7.54 7.68 7.55 0.12
6 week 725 731® 745 0.05

Egg yolk index’
0 week 0.47 0.46 047  0.01
6 week 0.44 0.45 045 0.01

Yolk diameter(cm)
0 week 376 380 375 003
6 week 3.960 398  391° 002

Yolk height(cm)
0 week 1.76 1.73 1.74  0.02
6 week 1.75 1.77 175 0.01

Albumen height(cm)

0 week 0.84 0.83 0.82 0.03

6 week 0.83 0.82 0.80 0.02
Haugh uint®

0 week 8930 8946 8964 143

6 week 89.77 8850 8770 1.65

! Abbreviations CON, basal diet; HS5, basal diet + 5% humic
substances; HS10, basal diet +10% humic substances.
? Pooled standard error.
*® Means in the same row not sharing the same superscripts
differs(P<0.05).
* Yolk index=yolk height/yolk diameter.
* Haugh unit = 100xlog (H+7.57-1.7 W0.37).
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other elements (Church, 1991). Supplementary calcium gene-
rally needed in many animal diets because of the demands
for most minerals for skeletal growth, lactation, or egg
production (Keshavarz and Nakajima, 1993). As the recom-
mendation of the NRC (1994) for commercial laying hens,
calcium level was 3.25 g/h/d in our experimental diet. How-
ever, calcium concentration was still high in HS additive. With
added HS 10% to diet, egg production decreased signifi-
cantly. Harms and Waldroup (1971) indicated that excess die-
tary calcium may cause reduced egg production and extra feed
consumption. More severe toxicity can occur when excess
calcium is ingested over long periods. Very high-levels of
calcium can result in appetite loss, nausea, vomiting, abdo-
minal pain, and even coma (Isbister, 2003). Egg weight was
increased with diets added 10% HS. This response in egg
weight due to various HS intake levels is consistent with
other reported research (Kucukersan et al., 2005; Yalcin et
al., 2006). Further investigation is needed to directly evaluate
the effect of different HS contents on laying hens.

The eggshell consists of about 94 to 97% calcium carbo-
nate. Calcium which is major macro-mineral involved shell
formation is increased with shell breaking. However, the hens
have the ability to absorb from the digestive system and to
mobilize Ca from the medullar bones (Keshavarz and Naka-
jima, 1993). Humic acid inhibits the growth of pathogenic
bacteria and moulds, thus it decreases the levels of mycoto-
xins. They also improve protein digestibility and calcium uti-

lization (Islam et al., 2005).

Yolk color is dependent on the diet of the hen; if the diet.

contains yellow/orange plant pigments known as xanthophylls,
then they are deposited in the yolk, coloring it. This result
is not consistent with the published research of Yoruk et al.
{(2004) who reported that addition of humate had no effect on
yolk color. At the moment, It is not clear if the HS was
influenced the yolk color. Possible mechanisms have not yet
been identified. Further investigation is needed to substantiate
this observation. The results suggests that the dietary supple-
mentation of HS at 5% or 10% decreases egg production, but
HS at 5% can increase egg shell breaking strength. HS at
10% can increased egg weight and yolk color and decrease
yolk diameter. Further research with laying hens is needed to

clarify the mechanism of HS at different dietary levels.
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