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ABSTRACT 

The ef f icacy of  camel milk consumpt ion as an adj unct  t o rout ine diabet ic management  in maint aining long-t erm 

glycaemi a cont rol in t ype I diabet es was assessed during a 52 week randomised st udy.   Throughout  t he durat ion of  t he 

st udy,  12 randomly assigned pat ient s underwent  rout ine diabet ic management  (diet ,  exercise and parent al insulin  

supplement at ion) and 12 randomly assigned pat ient s addi t ionally undert ook daily consumpt ion of  raw camel milk 

(500ml / day).   In bot h groups,  t he dose of  parent eral insulin administ rat ion was adj ust ed t o maint ain an euglycaemic 

st at e.   Glycosylat ed haemoglobin (HbA1c) and body mass index (BMI) were measured at  t he init iat ion of  t he st udy and 

monit ored at  3 mont hly int ervals.  Addit ionally,  plasma insulin,  C-pept ide and ant i- insulin ant ibodies were measured at  

t he beginning and end of  t he st udy.  In t he group receiving camel mi lk,  t here was a signif icant  increase in MBI (17 ± 4. 4 

t o 19. 7 ± 2. 97;  p < 0. 001) and a signif icant  reduct ion in HbA1c (7. 8 ± 1. 38 t o 6 ± 0. 96;  p < 0. 001),  mean b lood glucose  

(119 ± 19 t o 95. 42 ± 15. 70;  p < 0. 001) and necessary insulin dose (32 ± 12 t o 17. 88 ± 12. 40;  p < 0. 005) compared t o t he 

values at  t he init i at ion of  t he st udy.  There was no signif icant  change in c-pept ide (0. 18 ± 0. 04 t o 0. 24 ± 0. 07) or ant i-

insulin ant ibodies (22. 92 ± 5. 45 t o 21. 84 ± 7. 34).  

 

We have demonst rat ed t hat  t he consumpt ion of  camel mi lk in t ype I diabet es result s in a signif icant  reduct ion in t he 

dose of  insulin required t o maint ain long-t erm glycaemic cont rol.   Based on our resul t s,  camel  milk consumpt ion,  may 

t heref ore,  be considered as a usef ul adj unct  t o parent eral insulin administ rat ion in t he management  of  t ype 1 

diabet es.  
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Primary t reat ment  of  t ype 1 diabet es is insulin replacement .   However,  at  present  ent ire physiological insulin 

replacement  cannot  be achieved in clinical cases and met abolic  dist urbances cannot  be normalised.  The met abolic  

cont rol in 2873 children and adolescent s was st udied at  21 cent res of  Europe,  Japan and t he Unit ed St at es (Moriensen 

and Hougaard,  1997 and Holl et  al,  2003).  In t his l arge int ernat ional  st udy it  was st aggeringly obvious t hat  despit e 

unaccept able psychological emot ional  and social price,  t he level of  glycaemic cont rol achievable in chi ldren wit h 

modern insulin t herapy is f ar f rom sat isf act ory.   Insulin t herapy is st i l l  t he best  t reat ment  but  in many count r ies needle 

phobia and cost  of  t reat ment  f orces t hese pat ient s t o adopt  alt ernat ive t herapies.   

 In t his connect ion we have heard many anecdot al st ories,  which describe t he use of camel milk in t ype-1 diabet es 

mell it us.  There is also an account  in memories of  Emperor Jahangir (1579-1627 AD) about  t he usef ulness and 

accept abil it y  of  camel milk (Rogers,  1989).   It  was f ound t hat  one of  t he camel  milk prot eins has many charact eri st ics 

simi lar  t o insul in (Beg et  al,  1989).  Furt her more,  it  does not  f or m a coagulum in an acidic environment  (Wangoh,  1993).   

This lack of  coagulum f ormat ion allows t he camel milk t o pass rapid ly t hrough t he st omach t oget her wit h t he specif ic 

insulin l ike prot ein/ insulin and remains avail able f or absorpt ion in t he int est ine.   Radioi mmunoassay t est s of  camel  milk 

has revealed high concent rat ion of  insulin i. e. 52 micro unit / ml.  The concent rat ion of  insulin in human milk is also 

signif icant ly higher (60. 23 ± 41. 05 micro unit / ml) whereas i t  is low in cow milk (16. 32 ± 5. 98 micro unit / ml) (Shehadeh 

et  al,  2001).  There is st rong evidence t hat  an oral insulin product s would provide insulin in a more physiological  

manner,  result ing in a decrease in peripheral insulin  concent rat ions t his “ insulinsing”  t he l ive (Gwinup et  al,  1991 and 
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Hof f man and Siv,  1997).  Recent ly,  scient ist s have developed hexylinsulin monoconj ugat e 2(HIM2),  in which a single 

amphiphi l ic olignmer i s covalent ly l inked t o t he f ree amino group on t he lys-ß 29 residue of  recombinant  human insulin  

via an amide bond (St il l ,  2002).  HIM2 alt erat ions in physio-chemical charact erist ics which resist s t he enzymat ic 

degradat ion and f acil it at es absorpt ion.  

 

The aim of  t he present  st udy was t o det ermine t he long-t erm ef f icacy and saf et y of  camel mil k as an adj unct  t o insulin 

t herapy in pat ient s wit h t ype 1 di abet es.  

 

Material and Methods 

 

A t ot al of  24 t ype 1 diabet ic pat ient s were randomly recruit ed f rom t he out pat ient  diabet ic clinic in PBM Hospit al,  

Bikaner,  India.   Et hical commit t ee of  S. P.  medical College,  Bikaner approved t he prot ocol and all subj ect s gave writ t en 

consent  before part icipat ion in t his st udy.   The pat ient s were advised t o f ollow a st r ict  t  diet ,  exercise and insulin 

t reat ment  regi me f or 1mont h.   During t his period f requent  monit oring of  blood sugar was done t o maint ain 

euglycaemi a.   Af t er a one- mont h period t hese pat ient s were randomly divided int o t wo groups.   Group 1 pat ient s 

(N=2) received usual care i. e diet ,  exercise and insulin and group 2 pat ient s (N=12) received 500ml of  f resh camel milk 

daily f or 12 mont hs in addit ion t o t he usual care.   Pat ient s wit h any acut e met abolic complicat ions l ike hypoglycaemia,  

ket oasidosis,  card iovascular  event ,  renal or acut e inf ect ions were not  included in t he st udy.  

 

Blood sugar was measured t wice weekly bef ore breakf ast  and dinner,  and insulin doses were t it r at ed weekly according 

t o t he blood sugar levels.   All pat ient s were provided wit h a one t ouch prof i le memory glucomet er ( l if e Scan),  along 

wit h st r ips f or self  monit oring of  blood glucose concent rat ions.   They were also inst ruct ed t o record t he glucose 

readings and insulin doses in diaries.   Vit al signs,  body weight ,  haemat ologic and labor at ory paramet ers,  glycosylat ed 

haemoglobin (HbA1c) were monit ored t hroughout  t he st udy.   Pat ient s also monit ored sympt oms of  hypoglycaemi a and,  

if  possible,  obt ained glucose readings when hypoglycaemia sympt oms occurred.   Ant i- insulin ant ibodies were measured 

at  t he beginning and end of  t he st udy.   Saf et y evaluat ions included vit al signs and laborat ory paramet ers.   Severe 

hypoglycaemia was def ined as an event  requir ing t he assist ance of  anot her individual or t he administ rat ion of  

glucagons or int r avenous glucose and was expressed as event  rat e per pat ient  year  of  exposure,  t hus account ing f or 

mult ip le event s in t he same pat ient s and f or dif f erences in t ime of  exposure t o st udy medicat ion.  

 

Plasma glucose concent rat ion was measured using t he glucose oxidise met hod.   Lipid prof i le was est imat ed by a f ully 

aut omat ed Biochemist ry Analyser Hit achi 717.   Plasma insulin and C-pept ide were est imat ed by chemiluminescence 

(CLIA t est ) using an aut omat ed chemiluminescence analyser (Imulit e,  DPC,  USA).   Ant i- insulin ant ibodies were 

est imat ed by radioi mmuno assay HbA1c was measured by high perf ormance liquid chromat ography (HPLC),  variant  

Boiorad,  USA.  

 

The baseline dif f erence bet ween t he t wo groups were analysed using t he t -t est  f or independed samples assuming 

het eroscedast ic variance.   Changes f rom baseline t o end point  were analysed using MANCOVA.   Age,  sex and body mass 

index (BMI) were t aken as covariat es.   The groups were t aken as independent  variables.   Insulin dose, f ast ing blood 

sugar (FBS) and HbA� c were t aken as dependent  variables and analyse independent ly.  
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Results  

 

Demographic charact erist ics of  bot h t he group were comparable.   The group 1 (cont rol group) and group 2 (camel milk 

group) were similar in age (years ±7. 5 vs 15 years ± 9. 4),  Sex (10M.  2F in bot h groups),  BMI (17± vs 17 ±4. 4),  FBS (121 + 

17 VS 119 + 19),  plasma insulin (7. 73 ± 2. 42 vs 6. 91 2. 13),  c-pept ide (0. 22 ±0. 03 vs 0. 18 ± 0. 04),  and insulin ant ibody 

(22. 20 ± 7. 69 vs 22. 92 ± 5. 45) at  mean dose of  insulin required (33±11 vs 32±12).  

 

Af t er 1 year of t reat ment  wit h f resh camel mi lk t here were a st at ist ically signif icant  change in bot h  (17± 4. 4 t o 19. 7  

±2. 97,  p<0. 001),  FBS (119 ± 19 95. 42 ± 15. 70 P<0. 001),  and in HbAıc (7. 8 ± 1. 386 ± 0. 96,  p<0. 001),  in group 2.   But  

when MACOVA f or FBS was used,  we observed signif icant  variance (Fig 1).   Similar ly when MANCOVA for HbAıc was used 

we observed overall a signif icant  vari ance in HbAıc (Fig 2).   The paramet ers were eit her unchanged or t here was slight  

increase in group 1 pat ient s (t able 1).   There was no signif icant  change in f ast ing plasma insulin and c-pept ide levels in 

eit her group.   There was signif icant  reduct ion in t he mean doses of  insulin (32±12 vs 17. 83 ± 12. 40,  p<0. 005) in pat ient s 

receiving camel mi lk (t able 1,  f ig 3).  When MANCOVA was used f or insulin dose t here was overall signif icant  variance in 

insulin doses.   There was no signif icant  reduct ion in mean doses of  insulin in  individual  pat ient s not  receiving camel  

milk (N=12.  Fig 4).  While in t he camel milk consuming group every pat ient  had a signif icant  reduct ion in t he doses of 

insulin.  In one pat ient  t here was no requirement  f or insul in t herapy af t er 8 mont hs of  camel mi lk consumpt ion (f ig 5).   

There were no signif icant  changes in ant i  insulin ant ibodies (22. 92 ± 5. 45 t o 21. 84± 7. 34).  

 

Nausea,  f lat u lence and diarrhoea were t he only t reat ment -emergent  adverse event s which disappeared spont aneously.   

No severe hypoglycaemic event  or DKA were report ed in eit her group.  Ant i insulin ant ibody t it res were around 20% 

even af t er 1 year  i. e.  insignif icant .  

 

Table 1.   Ef f ect  of  camel milk on glycaemic cont rol and insulin requirement  in t ype 1 d iabet ic pat ient s 

 

Group 1: Control group 

 

 

Variables Before Treatment After Treatment P value 

BMI (Kg/ m² ) 17 ± 5. 2 18. 2 ± 3. 8 NS 

HbAıc (%) 7. 54 ± 1. 38 7. 63 ± 1. 03 NS 

Dose of  Insulin (unit s/ day) 33 ± 11 30. 16 ± 8. 45 NS 

Mean Blood Sugar ( mg/ dl 121 ± 17. 3 105. 25 ± 14. 50 0. 041 

Plsama Insulin  (Uiu/ ml) 7. 73 ± 2. 42 19. 54 ± 0. 43 0. 041 

C. Pept ide (ng/ ml) 0. 22 ± 0. 03 0. 21 ± 0. 06 NS 

Ant i Insulin Ant ibody (%) 22. 20 ± 7. 69 19. 70 ± 8. 40 NS 

Group 2: Camel Milk Group 

 

 

Variables Before Treatment After Treatment P value 

BMI (Kg/ m² ) 17 ± 4. 4 19. 7 ± 2. 97 0. 001 

HbAıc (%) 7. 8 ± 1. 38 6 ± 0. 96 0. 001 

Dose of  Insulin (unit s/ day) 32 ± 12 17. 83 ± 12. 40 0. 005 

Mean Blood Sugar ( mg/ dl 119 ± 19 95. 42 ± 15. 70 0. 001 

Plsama Insulin  (Uiu/ ml) 6. 91± 2. 13 18. 17 ± 7. 12 0. 03 

C. Pept ide (ng/ ml) 0. 18 ± 0. 04 0. 24 ± 0. 07 NS 

Ant i Insulin Ant ibody (%) 22. 92 ± 5. 45 21. 84 ± 7. 34 NS 

NS = Not  Signi f i cant  
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Fig.  1.  Mean blood sugar levels measured over 12 mont hs 

in pat ient s given f resh camel milk (group 2) and no camel  

milk (group 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  2.  HbA1c result s measured over 12mont hs in pat ient s 

given f resh camel milk ((group 2) and no camel mil k (group 

1).  

 

Fig.  3.  Insulin requirement s measured over 12mont hs in  

pat ient s given f resh camel mi lk ((group 2) and no camel  

milk (group 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  4.  Mean insulin doses per day in individual pat ient s 

of  cont rol group 1 (n = 12).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  5.  Mean insulin doses per day individual  pat ient s of  

camel  milk consuming group 2 (n = 12).  
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Discussion  

 

The present  st udy was perf ormed t o observe t he role of  camel milk in achieving glycaemic cont rol in t ype –1 diabet ic 

pat ient s.   We observed a signif icant  i mprovement  in mean BMI (17±4. 4 t o 9. 7 ± 2. 97,  p<0. 001) af t er 1 year of  camel  

milk t reat ment .   The posit ive ef f ect s in weight  gain may be because of  good nut r it ional value of  camel  milk.  

 

The import ant  observat ion of  t his st udy was t he signif icant  reduct ion in insulin doses t o obt ain glycaemic cont rol along 

wit h signif icant  i mprovement  in HbAıc level at  t he end of  1 year in pat ient s t aking camel milk.   The requirement  f or 

mean doses of  insulin /  day bef ore t reat ment  in pat ient s of  group 2 was 32 ± 12.   It  came down rapid ly init i ally  and t hen 

gradually t o a mean level of  17. 83±12. 40,  (p<0. 005).   Only one pat ient  out  of  12 required t he same doses of  insulin and 

t he ot her 11 pat ient s had a reduct ion in t he required amount  necessary t o maint ain euglycaemic blood level.  

 

Camel Milk was f ound t o cont ain approximat ely 52 micro unit / ml insulin and it  may be t he reason f or a lesser 

requirement  of  insulin in diabet ic pat ient s receiving camel milk.   In one pat ient  t here was no requirement  f or insulin 

t herapy af t er 8 mont hs of  camel mil k consumpt ion.   The t herapeut ic ef f icacy of  camel milk observed in t he current  

st udy is consist ent  wit h earlier clinical t r i als in t his area (camel milk + insulin t herapy) (Agrawal et  al,  2003a, b).   

Breit l ing (2002) believed t hat  camel mi lk had an ant i-diabet ic act ivit y possibly because of  insulin-l ike act ivi t y,  

regulat ory and immuno modulat ory ef f ect  on bet a cells.   Oral insulin t herapy has been known f or many years but  t he 

import ant  dr awback i s it s coagulum f ormat ion in acidic environment  such as t he st omach,  t hereby neut ralising it s 

pot ency.   The pot ent ial benef it s of  oral delivery of  insul in include cont rol of  pl asma glucose levels w it hout  peripheral  

hyper-insulinnaemia and rest orat ion of  t he physiological pat hway of  endogenous insulin.   Delivery of  t herapeut ic levels 

of  insulin via t he port al  rout e decreases hyperinsulinaemi a and more result  in preservat ion of  t he count errgulat ory 

responses t o hypoglycaemia,  w it h a concomit a reduct ion in hypoglycaemic event s (Davis et  1993;  Oskarsson et  el,  200 

and Wan et  al,  2000 Pozzil l i  et  al (2000) in IMDIAB VII st udy indicat es t hat  an addit ion of  5 mg of  oral insulin does not  

modif y t he course of  t he disease in t he f irst  year af t er diagnosis and probably does not  st at ist ically ef f ect  t he humoral  

immune response against  insulin  (Pozzil l i  et  al,  2000).  

 

The lack of  coagulum f ormat ion of  camel milk may act  as an ef f ect ive vehicle t o t ake t he milk insulin unchanged t o t he 

int est ine,  and f rom t hat  it  can be absorbed even if  some of  it  i s dest royed in t he passage.   Beg et  al  (1986) has f ound 

t hat  any acid sequence of some of  t he camel mi lk prot ein r ich in half  syst ine, which has some simil arit ies w it h t he 

insulin f amily of  pept ides.  

 

The dat a of  t his st udy conf irms a signif icance hypoglycaemic ef f ect  of  camel mil k when given an adj unct ive t herapy, 

presumably due t o presence of  insulin / insulin  l ike prot eins t herapeut ic ef f icacy may be due t o l ack of  coagulum 

f ormat ion of  camel milk in an acidic environment .  

 

There is no doubt  t hat  t he discovery and development  of  oral insulin f or t herapeut ic use is a dif f icult  t ask.   It  has been 

observed t hat  oral administ r at ion of  insulin did not  prevent  t he det eriorat ion of  bet a cell funct ion in t ype –1 diabet ic 

pat ient s (Chail lous et  al,  2000).  

 

The main problem of  using insulin viz bovine and porcine is t hat  t here are some possibi l it ies of  developing 

immunogenicit y t  t hat  insulin,  so f urt her development  has t aken place t o check t his side ef f ect in t he f orm of human 

recombinant  insulin.    We also est imat ed change in t his vari able t hroughout  t he t reat ment  period.  

 

In conclusion.  Camel mi lk,  as an adj unct  t o insulin t herapy,  appears t o be saf e and ef f icacious in  i mproving long-t erm 

glycaemic cont rol,  and helps in t he reduct ion of  insulin requirement  in t ype 1 di abet ic pat ient s.   Camel milk was well  

t olerat ed and it s use was not  associat ed w it h an increase in hypoglycaemic event s.  
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