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ABSTRACT : The glicose toferance sl parcreatic lnsulin scvielim mapoimss & glucoss in shap el on geminaled sorghum grain
were determined wsing an indravenous glucoese Joad. Twelve male Thin Tail sheep (ar lndonesian native sheep, 12 momths old and 14.8
kg average body weight) were divided randomly imo sorghum grasi-based (5, germinuted sunghem grain-based () and maiee groin-
bascd (C) diets Sheep were maimtained al the same daily bnake levels of metabolisabds cocrgy 2amd cnsde proteis in Ui dizels theughout
ihe experimental pericdl. Aller twi months of the experimental conditions, eech diet group was subjected 10 an btravenous gluensa load
experiment inowhich five doses of glecosz (0. 10, 20, 40 and 80 mg'kg BW ) were injected s estimare 1he rate of glucose removal from
blood and the pancreatic insulin secregion response, Por esch sheep and cach glucose load dose, e lacinenial blovd sermn glucoss
and insulin corcentrations above pre-mijection corssntration wete calculated s serum glucose and insulin response arcas Al all giucos:
doses, sheep fed on S diet had a greater (po) 05) glucose response area comparsd t0 those of sheep fed on G and C diets. Likewise a4 all
plueoss doses, the Insulin reaporse orca was smaller (p<L05) in shoop fod on & dict than in sheep fed on G and C diets, The glucose and
imsulin response areas i3 sheep fed on Goand C dicts diffescd slightly. It was concluded that the portion of maive gratn in the rummant

ration coukd be substitisled by perminated sorphum grain. (Key 'Words ¢ Glucese, Insulin, Sorghun, Sheep)

INTRODUCTICN

The oral glucose tolerance test has long been applied as
o routine measurement of glucose utilization by body
tissues in man. The test indicates the ability of body tissues
to remove phicose from thie biood. An inwravenous gheeose
toberance test, a modification of the oral glugose tolerance
test. has besin a.|'.I|I|.|t|J for quu."ll:i]'_'rillu 5_|m.:um.' imelibalisdn
ruminants - {Sasaki et al, |984; McCann et al, 1986
Waghorn et al., 1987, Cole e al., 1993} Insulm s knoan to
be central to metabolic regulation in ruminants and, as in
non-rurminants, plasma insulin is increased after feeding in
ruminants { Sasaks ef al, 1984; Sasuki and Watanabe, 1990).
This reflects an augmented refease of insulin by the
pancreas | Bassert, [978). The ruminant mode of dipestion
has baen consldensd o n'lndﬂ}- the p'h}ﬂinlngirnl stimuli for
msufin secretion and to downgrace the importance of
stimulating removal off an exogenos glucese load among
the many sctiong of this hermane (Weekes, 1991),

The use of maize grain in the diet of ruminants is
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restricied by the high cost of feed. Sorghum grain has (he
potentlal 1o substitute a portion of maize gram m the
ruminant diet because the energy content of sorghum grain
is almost similar oo that of maize grain. The quantity of
sorghum gram production is domimant even throughout the
dry seazon In the island of Java. Though the cost of a
sorghum graic-based diet s lower than that of a maize
wraim-based dizl, the sse of serghum grain s restricied by
its tannin contenl, There have been some attempts to reduce
the tannin content of sorghum grain and therefore enhance
mistrient utilization (Keichest et al, [980; Mitaru et al.,
1%85; Sumiati and Sueci, 1995). The nawre of the
sermination process for sorghum grain may reduce jis
tannin conient, and may thereby increase its msrient
utilization. Therefore. it is postolaied that germinated
sorghum  grain may  mcresse  glocose  availability  in
ruminants because sturch dipsstion in the small intestine
may be stimulated. In the present study, the insulin
secretory response 1o intravenous glucose loads and the rate
of removal of injected glucose from blood were determined
in sheep fed on sorghum-based (%), germinated sorghum-
based {Cij and mare-based (L] diets.
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Table 1. Ingredients and chemical compasition of expermental
dbats (% of dry meamer)

[riet
Sorghum {";J"E::d Makze
BrAtEbgace grain=hsed skt hesen
Ingredients”
Elephant prass 4.0 A 40.0
Unprocessed 540 o 0.4
sorghum grain
Gierminated [iKi] S80 i
sorghum prain
Marae gradn 0.0 0 A
Rige bran 540 0 50
Mineral premiy’ 1.0 1.0 1.0
Chemical composition’
Crode protein (%) L 95 L
Metabolizable energy’ 16 16 16
(Mcal%kg)
Tamnin {¥n) 2.0 LK 0.4

T Based on dry mafter

® Contaimed per V08 g mineral premin. 50 CalUs, 35 1 0035 Mnu: 020 [
000 B; 0015 Oo; 22.00 Na: 0,80 Fe 0,20 70, 0015 Mg, 10301

! By amahvaes.

* Cateulsted metaholizble energy hased on Hariadi et al (1994}

MATERIALS AND METHODS

Dets and animals

The feed grade of sorghum grain was germinated for 48
b in & room, and then was sun-gried. The permination wis
done by spreading the sorghum grain over a waler-moist
cloth, which was mamtained moist  throughout the
germination process. The sun-frying was ended when the
moisere content of germinated sorghum groin reached 20%

Twelve male “Thin Tail', Indonesian native, sheep used
in the present study weré 1 2-mo old and their body weights
averaged 148419 kp. Sheep were alloned o the
experimental treatments with diet as & Tixed effect, divided
randomly nto %, G and © diet groups, and they were
housed individually m metabolic cages in a room. Each diet
was prepared to provide the same amounts of energy and
protein intake on the basis of caleulated metabolizable
energy (ME] and crude protein contents, respectively (Table
Ih. Animals were fed daily at 130% of daily ME
réquirement for maintenance based on metabolic body size
(MRC, 1985), Dyinking water was available at all times
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except during the mtravenous glucose load experiment.

Imtravensus glacose load experiment

After two months of preconditioning on each dietary
treatment, each diet group was subjected to an intravenous
glucose load experiment. The intravenous glucose load was
administered o each sheep after fasting overnight. An
implanted jugular catheter was used for glucose injection
and blood collection. In the intravenous glucose load
experiment, sterile glucose (0% dextrose) was injected at
doses of 0 {sterile saline), 10, 20, 40, and B0 mgky BW,
The sequence of glucose dose in cach sheep was assigned
randomly with a 48 h imerval between each glucose
injection to avoid any carryover effect (Achmadi et al,
1993). The velume of injected glucose solution was & ml
for all doszs. Blood samples (5 ml) were collected at 5. 10,
15, 30, and 60 min after glucose injection and stored in jce-
water until cenirifugation for 10 min (4°C); harvested
serum was used for glucose determination and insulin assay.

Serum glucose concentration was determined with a
glucose  assey kit (GLUCOSE  liquicelor, Human
Gesellschafi fur Biochermica und  Diagpostica  mbH,
Taunusstein-Germany ), Serum insulin concentration was
determined by a rmadioimmunoassay  method  (Coat-A-
Count® Tnsulin, Diagnostic Corporation, Los Angeles,
USAY, intra- amd interassay CY were 5% and li%
respectively,

In the intravenous glucose load experiment, for each
sheep and each dose of glucose. areas beneath the curve for
serum plucoze and insulin concemtrations  abowe  pre-
injection bevels were caleulated between 0 and &0 min after
glecose mjection. The effect of dietary treatment on fred
imake and parameters derived from the glucose load
experiment were tested by one-way ANOVA for a
completely randomized design. The feed intake of cach
shpep was assessed using the average value of daily
obssrvation throughout the fast 10 days of the two-month
preconditioning period on ench dietary (reatment

RESULTS

Dry matter, crude protein and mefabolizable energy
intakes of sheep throughout the experimental period are
presenied in Table 2. Although conditoned to different
types of concentrate diet, sheep maintained dry mitter and

Tuble 2. Means' ol dally dry mairer, crsde prodein. and metahalizahle enerpy smlakes af sheep 1['|h3|.l$|"u}ut the expetimental poriod

D
P Sorghum grain-haed Cierminated serghum grain-hased Mukre yrain-hased
Iitakes
DM gk " ") 51412200 5] 5447 95 S2E4E2A3
CP{pkg” ™id) 004020 5134024 3234024
BAE hicalika™ i) 133 TO45.17 134.9446 41 137.4046,34

; svermpe values of |0 dasve ohservations in each sheep {mmat8IX n =41



Achmadi et ol (2007) Asian-Aust. S Anim. Sci, 200000 1575-157% 1577
Table 3. Parameter means' of the pluccss koad expeniment in sheep
Diet i
= Sorghum gram-tased Cigrminated sorghum grain-bassd Muize grain- based
Basal glucose (me/dl) 402 8 434420 46,143.7°
Basal insalin (ul/'ml} 10,3412 172 4" 20817
Glucose area (ma'dla0 ming’
il 0104000 0.0 00,0200
10 184,7425, 7 a6, 6114 8" a0 %+25.0°
24 243, 541700 12408175 46,8520.9"
40 468 T4E S 470500 136912100
80 004 146,54 130.0:36 3" 2771078
Fnsualits area (pLUml60 min
i 0 01,0400 0.0k401.0)
Iy 77.8410,4° 146,344 4% 162 k12 47
2 11ha(1.3" 1877142 207 B+10.3°
40 105 414 5* 108 544 45 IES 12 6°
A0 407 (R T A0 4 A" RIRAEILY
""Valpes are menns of four sheeps STk

" The senem ghocose area beneath: the carve for serum ghocose concentrations above gne-infection concentration was calenlated betwesn O and 6 min afier

ghacode inpecisan it doses of 0, 10, 20, 40 and 30 mghg BW

" The serum iesulem ares heneath the curve for senam asulin concenirations nhove pre-injection conventration was cibeulated berween © and 50 min afler

ghucse ingectsan e dnses of O, 11, 20, &0 and 80 mpky OW

=2 Weang wighin a row wilk dilferent supersorpis berer ane signdficantly dafferent: pah 03

an
S0
40

Tnzulin (L mi)

Glucose

Glucose (me'di)
-

0+ . T T T
-10 ] 5 18 LT 1

Time after glucose load (min}

Figare 1. The serum glacoss and insulin concentrations of sheep
fed on sorghum grain-bascd (m) perminated sorghum=-hased (0],
aml maize prais-based (o) diets througheus the glueoss boad
experiment. Each group received o glucose doge of 80 ma/ke BW.
Walues are means of four sheep with 8D,

crude protein intakes fo meet 130% of their daily
mietabelizable energy requirement for mainienance based on
metabolic body size (NRC, 1985),

The dictary treatment affected basal serum glucose and
insulin concentrations of sheep. The 5 diet lowered
(p=0.05) basal glicose concentration of sheep compared o

that on G and C diets (Tabie 3). Likewise, basal serum
insulin concentration of sheep was lowered (p<0.05) by 5
compared to that on G and C diets, Though there was no
significant difference berween the effect of G and C dietary
treamments on basal glocose and insulin concentrstivns of
sheep, the C diet tended o increase hasal plucose and
insulin concentrations of sheep (Table 3).

Serum glucose concentrations of sheep rose abruptly
following the intravenous glucose injection (Figure 1), The
glucose arca of sheep fed on the G diet tended to be higher
than thzt of sheep fed on the C diet. but there was no
gignificant difference between the valoes. The 5 diet
increased {p=0.05) glucose arca compared to that of the G
and C diets. The magnitude of the glucose area was dose-
dependent in all proup of sheep. Mean glecose area plomed
against glucose dose gave correlalion equations of: v =
12, 1%+16.3 (= 0.99), v = 6.6x+d3 (r° = 0.99) and y =
. 5x-4.3 (r" = 0.98) for 5, G and C diet groups, respectively.

Imtraveénous glucose injection czused an sbrupt ncrcase
in serum insulin concentrations of sheep (Figure 13, Table 3
shows that the insulin area in sheep fed on the G and C dists
differed slighthy. The § diet decreased (p=0.05) insulin area
compared o that on G and C diets. The magniude of
imsulin area was glucose dose-dependent i all group of
sheep. Mean insulin area plotted against glucose dose gave
cormelation eguations of; y — 4.9%+ 108 (' = 0.99), ¥y —89x
~16.3{r = 0.99) and y = %9+ 188 (7 = 0,99 for §, G and
C diet groups, respectively

DISCUSSION

Sheep fed on the 5 diet showed a greater glucose area



than thet of sheep fed oo G and © diews (Table 33, This
indicated that sheep fed on the S deet had & greater volume
of distribution of glucose and & slower removal rate of

glucose from blood compared to sheep fed on G and © dicts.

The G and C diets may have provided greater glucose
absorption compared o the 3 diet, though glucose
absorption i the small intestine of theep was rod
determined in the present experiment. Presumably, the
germinated sorghum grain increased glucose availability
becwse starch digestion in the small intestine may be
stimulated. Janes ot al. {1985) reported that processed maize
grain provides an exogenous glecose which in turn
improves metabolic clearance rate of glucose in sheep,
compared to that of unprocessed maize grain.

Sasaki et al. (1984 confirmed that when exogenous
ghicose 15 administered, the rate of glucose disposal may
relme 1o alesations in peripheral glucose utilization as well
05 to changes in the rate of hepatic glucose production.
Sheep normally rely on continuous hepatic gluconeogenesis
to meet their glecose requirement {Weekes, 19913, Very
lithe glucose is sbsorbed from the small inmestine in adult
sheep fied on roughage diets, the majority of basal glocose
Mux betng provided by hepatic gluconeogenesis which is
assumed 10 be greater when sheep are fed concentrate diets
(Achmadi et al., 1993).

Sheep fed on the G diet showed a preater serum insulin
area {p<0.05) compared fo that of sheep fed the 5 dict
{Table 31 The improved msulin secretion response of sheep
when fed the G diet was correlated with the enhanced
glucose utilization, It has been reported that plasma insulin
levels are mot so clearly increased i response to feeding
when animals are fed on a reughage dict compared with
animals fed on concentrate diets (Trenkle, 1978; Cole et al.,
1993). An increase in mon-protein eoergy  intake may
enhance msulin sensitivity for glecese metaboliam in adul
goats (Fujita et al., 2006). However, Tissue responsiventss
and sensitivity 0 insulin may not be changed when gosts
were fed on dietary sucrose or dietury starch (Fupita et al.,
2007}, Although tissue responsiveness and sensitivity to
ingulin in inmtact sheep were not determined in o this
experiment.

The action of insulin 1o nerease the rate of glucose
disposul via suppression of hepatle glucose putpar and
stimulation of hepatic glucose untake seems to be a minor
route of plucose disposal in sheep, since the suppression of
hepatic glucose production by insulin has been reporiec fo
be relatively insensitive in ruminants { Weekes, 1983, Sasaki
and  Watanabe, 19901 However. elevated  insulin
concentration i plasma diminished hepitic uplake of
plucose precurser (Brockman et al., 1986) and depressed
hepatic glucose productien (Bassen, 1975,

The use of glucose load could Be considercd as an
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exogenous stimulant for insulin release in sheep when
simultaneously evaluating the rafe of glucose metabolkst
In this experiment, the removal rates of glicose from biood
and insulin secretion responses 1o glucose load were dose-
dependent in all sheep (Tuble 3). Although Bloosd glucose
corcentration is usually considered to be the principal
metzbolic substrate regulating insulin relesse by the f celk
of most animal species, the plasma glecose level itself may
not be a major determinant of insulin sccretion in sheen
undér physiological conditions (Pfassett, 1975). Other
metabolites, such as wolatile Eatty  acids, have been
sugpested to be effective simulanis of insulin secretiom in
ruminants {Sasaki and Takahashi, | 980; Sasaki et al,, 1984)
in which volatile famy acids are produced as end-products
of rumen fermentation. However, glucose has been shown
to be a direct stimutant for insulin release by perfused
fragments of sheep pancress (Sasaki et al., 1984},

CONCLUSION

The glecose tolerance and the insulin secretion response
to intravenous glucose load of sheep fed germinated
sorghum grain deet was similar to that of sheep fed 2 maize
grain diet However, the mest or milk products of
germinated sorghum grain-fed ruminam remains to ke
cluckdted before establishing the pertion of maize grain in
the ruminant ration that could be substituted by germinated
sofghum grain.
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