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M altogenase和 B2淀粉酶制取超高麦芽糖浆的研究

周建芹1, 罗发兴2

(1. 合肥工业大学;　2. 华南理工大学)

摘　要: 分别研究了液化程度对M altogenase和 B2淀粉酶这两种酶的糖化作用的影响以及酶的用量对麦芽糖含量

的影响;研究了制取超高浓度麦芽糖浆时M altogenase和 B2淀粉酶并用与脱支酶的协同作用。研究结果表明:液化

程度对M altogenase和 B2淀粉酶的糖化作用有显著影响; 与M altogenase或 B2淀粉酶单独与脱支酶的糖化相比,

M altogenase和 B2淀粉酶共同与脱支酶协同作用时可得到更高纯度的超高麦芽糖浆。
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　　根据麦芽糖含量的高低,麦芽糖浆可分为普通

麦芽糖浆、高麦芽糖浆和超高麦芽糖浆。一般麦芽糖

含量: 60%以下的麦芽糖浆为普通麦芽糖浆, 80%以

下的麦芽糖浆为高麦芽糖浆, 80%以上的麦芽糖浆

为超高麦芽糖浆[ 1 ]。超高麦芽糖浆,尤其是麦芽糖含

量 90%以上的超高麦芽糖浆,主要用来提纯高纯度

麦芽糖。虽然结晶法、吸附法、膜分离法等分离手段

不断引入麦芽糖浆的分离提纯中[ 2～ 4 ] , 但由于麦芽

糖浆各组分相差比较小,制取高纯度麦芽糖受到限

制。因此,尽可能提高麦芽糖浆中麦芽糖的含量,对

高纯度麦芽糖的生产有重要意义。

1　材料与方法

1. 1　试验材料

木薯淀粉:海南琼中淀粉厂,优级;

高温液化酶: T erm am yl 120L , NOVO ,丹麦,酶

活力单位为LU ;

B2淀粉酶: SPEZYM E F red,杰能科,美国,酶活

力单位为D P 0;

M altogenase: NOVO , 丹麦, 酶活力单位为

M ANU ;

脱支酶: P rom ozym e 500 L , NOVO , 丹麦, 酶

活力单位为 PUN ;

1. 2　主要仪器和设备

高效液相色谱分析仪 (H PL C ) : 惠普公司, 美

国。

测定条件:

色谱柱: Carbohydra te A nalysis, 惠普公司, 美

国; 检测器: D ifferen t ia l R efractom eter, 惠普公司,

美国; 柱温: 30℃; 流动相∶乙氰ö水= 70∶30 (V ö

V ) ,流速 1 mL öm in。

1. 3　试验方法

1) 液化淀粉葡萄糖值测定:碘量法;

2) 液化方法: 配约 30%浓度的淀粉乳, 调 pH

值,加入一定量的液化酶,不断搅拌加热淀粉乳,一

定时间后升温灭酶;

3) 糖化方法: 液化液冷却至 60℃后,调整浓度

至 30% , pH 值 5. 2,加酶,在 58℃恒温水浴中糖化,

一定时间后,加热灭酶。

1. 4　麦芽糖浆的生产工艺流程

液化酶　　　糖化酶
　　 　↓　　 　 　　↓
　　淀粉乳→液化→糖化→脱色精制→浓缩→糖浆

2　试验结果与分析

2. 1　液化程度对糖化的影响的研究

2. 1. 1　液化程度对 B2淀粉酶、M altogenase 单独糖

化的影响研究

木薯淀粉乳液化到不同的D E 值,加入糖化酶

糖化,M altogenase 的用量为 8M ANU ö gD S, B2淀粉

酶用量 1. 5 D P 0ö gD S。不时摇匀,隔一定时间取样灭

酶,用H PL C 分析糖化液组成。结果如图 1、图 2所

示。

图 1、图 2结果显示,液化D E 值为 8. 6时, B2淀

粉酶糖化一定时间后生成的麦芽糖含量最大; D E

值 再 升 高, 麦 芽 糖 含 量 反 而 有 所 降 低。用

M altogenase 糖化一定时间后, 液化D E 值为 12. 5

时麦芽糖含量最高;液化程度较低或较高时,麦芽糖

含量都降低。液化一方面能增加糖化酶水解的非还

原尾端基,有利于糖化生成麦芽糖;另一方面增加了

生成奇数聚合度低聚糖的机会,不利于麦芽糖含量

的提高。因此要提高麦芽糖含量液化程度应控制在

适当范围内。
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图 1　液化D E 值对 B2淀粉酶糖化的影响

F ig. 1　Effect of differen t D E after liquefact ion on

the act ion of B2am ylase in saccharificat ion p rocess

图 2　液化D E 值对M altogenase糖化的影响

F ig. 2　Effect of differen t D E after liquefact ion on

the act ion of M altogenase in saccharificat ion p rocess

2. 1. 2　液化程度对M altogenase 或 B2淀粉酶与脱

支酶合并糖化的影响研究

木薯淀粉乳液化到不同的D E 值后, 按 2. 1. 1

的用量分别加入糖化酶和脱支酶, 脱支酶用量为

0. 25 PUN ö gD S, 糖化一定时间后, 取样灭酶。用

H PL C 分析糖化液组成。结果如图 3、图 4所示。

图中结果显示, 用M altogenase 或 B2淀粉酶与

脱支酶合并糖化时,液化程度越低,麦芽糖浆中麦芽

糖的含量越高。但液化程度太低,液化液粘度高,不

利于后续操作,因此在不产生凝沉的前提下应尽量

降低液化程度。

生产麦芽糖浆的淀粉原料中大多数含有75%

图 3　液化D E 值对 B2淀粉酶和脱支酶协同糖化的影响

F ig. 3　Effect of D E after liquefact ion on the

coact ion of B2am ylase and p romozym e

图 4　液化D E 值对M altogenase和脱支酶协同糖化的影响

F ig. 4　Effect of D E after liquefact ion on the

coact ion of M altogenase and p romozym e

～ 85%的支链淀粉,一般支链淀粉含有 4%～ 5%的

A21, 6糖苷键[ 5 ] ,由 2. 1. 1和 2. 1. 2结果看出脱支酶

能显著提高麦芽糖含量,因此脱支酶是生产超高麦

芽糖浆必不可少的。

2. 2　M altogenase 和 B2淀粉酶用量对麦芽糖含量

的影响研究

根据前面的研究结论,淀粉乳液化D E 值选定

在 7. 1,按 0. 25 PUN ö gD S 的用量加脱支酶和不同

用量的糖化酶,糖化 72 h 后,加热灭酶,用H PL C 分

析糖化液组分。结果如表 1、表 2所示。
表 1　B2淀粉酶用量 (D P0ö gD S)对糖化液中

麦芽糖含量的影响

T ab le 1　Effect of B2am ylase do sage (D P0ö gD S)

on m alto se fo rm ation

酶用量 葡萄糖 麦芽糖 麦芽三糖

0. 75 0. 40 79. 89 19. 71

1. 5 0. 61 83. 63 15. 77

3. 0 0. 71 81. 21 16. 29

7. 5 1. 62 81. 71 15. 58

表 2　M altogenase 的用量 (M ANU ö gD S)对

糖化液中麦芽糖含量的影响

T ab le 2　Effect of M altogenase do sage (M ANU ö gD S)

on m alto se fo rm ation

酶用量 葡萄糖 麦芽糖 麦芽三糖

4 9. 75 86. 67 3. 58

8 10. 23 89. 77 —

12 9. 51 90. 49 —

24 10. 26 89. 74 —

32 11. 48 88. 52 —

由表 1、表 2 得, 用不同用量的 B—淀粉酶、

M altogenase 与脱支酶协同糖化, 麦芽糖的生成都

有一个最高极限。糖化酶用量再增加,麦芽糖生成量

不但不增加,反而会降低,用M altogenase糖化麦芽

糖降低得更多。所以单纯依靠增加酶的用量,不能提

高麦芽糖含量,甚至还会下降,且增加了生产成本。

2. 3　M altogenase 和 B2淀粉酶并用生产超高麦芽
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糖浆的研究

淀粉乳液化至D E 值为 7. 1,脱支酶用量为0. 25

PUN ö gD S, B2淀 粉 酶 用 量 1. 5 D P 0ö gD S,

M altogenase用量 8 M ANU ö gD S,并各取 B2淀粉酶

和M altogenase上述用量的一半并用糖化研究合并

糖化的效果。用H PL C 分析糖化液成分。结果如图

5所示。

图 5　M altogenase和 B2淀粉酶协同作用的糖化结果

F ig. 5　R esu lt of coact ion of B2enzym e

and M altogenase on m alto se fo rm ation

图 5 结果表明, B2淀粉酶和M altogenase 两种

糖化酶并用与脱支酶一起糖化, 比 B—淀粉酶或

M altogenase单独与脱支酶糖化时生成的麦芽糖含

量高,可以得到更高纯度的超高麦芽糖浆。

3　结　论

　　1) 液化程度对糖化液中麦芽糖含量有重要影

响。只用 B2淀粉酶或M altogenase糖化时,液化程度

升高到一定程度时,糖化液中麦芽糖含量最高;液化

程度升高或降低都不利于麦芽糖的生成。B2淀粉酶

或M altogenase 与脱支酶共同糖化时, 液化程度越

低, 糖化液中麦芽糖含量越高; 在生产超高麦芽糖

时,要控制液化程度,在不产生凝沉的前提下,尽可

能降低液化程度。

2) 与M altogenase 或 B2淀粉酶单独与脱支酶

糖化相比,M altogenase 和 B2淀粉酶共用与脱支酶

协同作用时可得到更高纯度的超高麦芽糖浆。
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M e ng Q ingya n
1, W a ng Hongya n

2, W a ng Zha oq ia n
3　 (1. Institu te of R em ote S ensing A pp lica tions, Ch ina A cad em y of

S ciences, 9718# N o. 3 D atun R oad , B eij ing 100101, Ch ina;　2. R esou rces and E nv ironm en t Colleg e, N ortheast A g ricu ltu ra l

U n iversity , H arbin 150030, Ch ina;　3. A g ro2E cology R esearch Institu te, Z hej iang U niversity , H ang z hou 310029, Ch ina)

Abstract: T he K cycle of rubber2tea2ch icken eco2agricu ltu ra lm odel, a typ ica l t rop ica l agro2fo rest ry system
in W enchang m un icipa lity of H ainan P rovince w as stud ied w ith quan t ita t ive experim en t and qualita t ive
ana lysis, com pared w ith rubber and rubber2tea. T he resu lts show ed tha t the K cycling ra te, K ou tpu t and

K su rp lu s in so il of rubber2tea2ch icken agro2fo rest ry system w ere a ll the h ighest, being 59% , 134. 5

kgö hm 2 and 168. 2 kgö hm 2, respect ively. T he ra t io of K ou tpu t to K inpu t of ch icken sub2system w as 91%

and the ra t io of K ou tpu t to K inpu t in ch icken p roducts w as on ly 23%. Am oun t of cycling K in side
ch icken garden is the h ighest, being 414. 9 kgö hm 2, the K cycling structu re of rubber2tea2ch icken agro2
fo rest ry system is m o re reasonab le st ructu re, and its K cycling w as the m o st act ive.

Key words: agro2fo rest ry system ; eco2agricu ltu ra l m odel; K cycle; rubber2tea2ch icken

·Agro-product Trea tm en t Technology and Process ing Eng ineer ing·

Com pound Preserva tive Technology and Vacuum Package for Beef (118)⋯⋯⋯⋯⋯⋯⋯⋯
J ia Yingm in , W a ng L ing , M a A i’ jin, Zha ng Z ide , C he n Zhizhou　 ( Institu te of F ood S cience and T echnology , H ebei

A g ricu ltu ra l U n iversity , B aod ing 071001, Ch ina)

Abstract: T he p reserva t ive and co lo r p ro tect ive agen ts u sed fo r beef p reserva t ion w ere stud ied and
screened ou t. T he com pound p reserva t ive fo rm u la w as stud ied by the experim en ts fo r com b in ing the
p reserva t ive and co lo r p ro tect ive agen ts. It w as com b ined w ith vacuum package and the vacuum com pound
p reserva t ive bags w ere p repared fo r beef p reserva t ion. T he bags w ere u sed in beef vacuum package fo r

p reserva t ion. T he p reserved period reached 35 days w ith good quality indexes.

Key words: beef; vacuum package; com pound p reserva t ion

In teract ion M echan ism of Two Stra in s in Production of M icrob iolog ica l Prote in (M BP) 4320
for Feed Use (122)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
G uo W e ilie , G uo Q inghua , Xie Xia oba o , Xu Hong　 (Guang d ong Institu te of M icrobiology , Guang z hou 510070,

Ch ina)

Abstract: T h is paper repo rts fo r the first t im e tha t the M BP ferm en ta t ion is based on the rela t ion sh ip

betw een the tw o selected good stra in s of G. Candidum A s. 2. 361 and A sperg illu s n iger N o. 303, w h ich is
comm en sa lism. T he flo ras, like the appearance of hyb rid iza t ion fo rm ed by A s. 2. 361 w hen it is co2
cu lt iva ted w ith N o. 303 in 4320 M BP ferm en ta t ion, a re p roved to be a specif ic fea tu re of comm en sa lism

th rough Fu san t T est, H eterocaryon T est, Sub stra te M ycelia O b serva t ion, D iffu sion2b lock T est and
M icro scop ic Exam inat ion. T he quan t ity of flo ras d irect ly reflects the ex ten t of comm en sa lism and the
quality of M BP 4320 as w ell, w h ich is of grea t app lica t ion value. Effect ive facto rs in comm en sa lism are
cit ric acid, p ro tease, g lucan2am ylase, and a2am ylase p roduced by N o. 303, and they funct ion direct ly,

ind irect ly and coopera t ively. Am ong the facto rs, am ino acids, especia lly Glu, ca ta lyzed by p ro tease from
N o. 303 and cit ric acid p roduced by N o. 303 can st im u la te grow th of N o. 2. 361 strik ing ly. T hey are the tw o
new ly2found top comm en sa l facto rs in p roducing M BP from starch m ateria ls, w h ich is d iscovered th rough

o rthogonal test and is com p letely d ifferen t from o ther repo rts tha t the m ain facto rs in p roducing SCP w ith
sta rch m ateria ls a re such enzym es as g lucan2am ylase.

Key words: m icrob io log ica l p ro tein; in teract ion m echan ism ; comm en sa lism

Appl ica t ion of M a ltogena se and B-Enzym e to the Production of M a ltose Syrup (126)⋯⋯
Zhou J ia nq in1, Luo Fa x ing 2　 (1. D ep artm en t of B iology and F ood , H ef ei U n iversity of T echnology , H ef ei 230069,

Ch ina;　2. Colleg e of F ood E ng ineering and B iology , S ou th Ch ina U niversity of T echnology , Guang z hou 510640, Ch ina)

Abstract: T he effect of liquefact ion degree on saccharif ica t ion of M altogenase and B2enzym e and the effect
of ra ising do sage of saccharifying enzym es on the m alto se con ten t are stud ied in th is paper. T he

com b ina t ion of M altogenase , B2enzym e is a lso stud ied. Based on the above experim en ts, the liquefact ion
degree has a p rofound effect on saccharif ica t ion; the com b ina t ion of M altogenase, B2enzym e is found to be
ab le to increase m alto se con ten t effect ively.
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Key words: m altogenase; B2enzym e; ex trem ely h igh m alto se syrup

Starch Pa ste Clar ity and Its Inf lucence Factors (129)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
D u Xia nfe ng

1, Xu S hiy ing
2, W a ng Zha ng

2　 (1. D ep artm en t of F ood E ng ineering , A nhu i A g ricu ltu ra l U n iversity ,

H ef ei 230036, Ch ina;　2. S chool of F ood S cience, W ux i U n iversity of L ig h t Ind ustry , W ux i 214036, Ch ina)

Abstract: Sta rch paste cla rity and the effects of m o lecu lar st ructu re, ret rograda t ion and som e food

ingred ien ts such as N aC l, sucro se and cit ric acid w ere invest iga ted. T he experim en ta l resu lts ind ica te tha t

the sta rch m o lecu lar st ructu re is the p rincipa l facto r to influence the sta rch paste cla rity. N aC l w as p roved

to be ab le to reduce sta rch paste cla rity, and sucro se, cit ric acid are p roved to be ab le to increase the

cla rity. D u ring the in it ia l sto rage period (4℃, 0～ 4 d) , the cla rity decreased ab rup t ly, then it g radually
decreased to its m in im um as the leached2ou t am ylo se com p letely fo rm ed a th ree2dim en siona l netw o rk w ith

am ylopect in em bedded in and reinfo rced to the in terpenetra t ing am ylo se gel m atrix.

Key words: sta rch paste; cla rity; m o lecu lar st ructu re; food ingred ien t; ret rograda t ion

Exper im en ta l Study on Extruded R ice Used a s Beer Adjunct (132)⋯⋯⋯⋯⋯⋯⋯⋯⋯⋯
S he n D e cha o , M e ng Ya ng　 (E ng ineering T echnology Colleg e, N ortheast A g ricu ltu ra l U n iversity , H arbin 150030,

Ch ina)

Abstract: In th is paper the influence of the param eters of the ex tru sion system of rice u sed as beer ad junct

on indexes ob served w as stud ied by experim en ts in the labo ra to ry. T hese param eters are the d iam eter of

nozzle, barrel tem pera tu re, m o istu re con ten t of rice and screw speed. T he indexes include to ta l reduced

sugar concen tra t ion and filt ra t ion ra te. T he research resu lts ind ica te tha t the ex truded rice can be u sed as

beer ad junct.

Key words: rice; ex tru sion; beer ad junct

Rheolog ica l Law of the Crop Stem F ibrousM a ter ia l D ur ing Com press ion Process (135)⋯
Ya ng M ingsha o , Zha ng Yong , L i Xuy ing　 (Inner M ong olia A g ricu ltu ra l and H usband ry U niversity , H uhhot 010018,

Ch ina)

Abstract: T he exp lo it ion of the loo se crop m ateria l needs com p ression p rocess. To determ ine the structu ra l

param eters and op t im ize the design of com p ression equ ipm en t, the law of com p ression p rocess, the

rela t ion sh ip am ong m ain param eters in the w ho le com p ression p rocess and the characteristerics of the

m ateria l to be com p ressed are invest iga ted. Based on the ach ievem en t acqu ired by ou r research group , a

basic law of the stress and stra in varia t ion pat tern w as ob ta ined by u se of advanced m easu ring m ean s,

w h ich p rovided a theo ret ica l basis fo r the fu rther study and op t im um design of com p ression equ ipm en t.

Key words: crop m ateria l; rheo logy; com p ression

Extraction Technology of Soluble Polysacchar ides From W ild Pa tr in ia V illosa (138)⋯⋯⋯
Zhu J ia jin　 (Colleg e of A g ricu ltu ra l E ng ineering and F ood S cience, Z hej iang U niversity , H ang z hou 310029, Ch ina)

Abstract: Pa trin ia V illo sa (P. V. ) can cu re d iarrhea, bu t it can a lso do good to con st ipa t ion. N o t on ly the

leaves and the stem s can relax the con st ipa t ion, bu t a lso the w ater2so lu t ion ex tracted from P. V. has the

sim ila r funct ion. In o rder to know the effect ive ingred ien ts to p reven t and cu re con st ipa t ion ex tracted in

the w ater2so lu t ion, the ex tract ion techno logy of so lub le po lysaccharides from w ild P. V. w as stud ied, and

sing le facto r test and o rthogonal experim en t design m ethods (L 9 (33) ) w ere app lied to ana lyze the influence

of each facto r in so lid2liqu id ra t io , tem pera tu re and t im e on the ex tract ion percen t of the po lysaccharides

from the w ater so lu t ion of P. V. . Experim en ta l resu lts ind ica ted tha t tem pera tu re and so lid2liqu id ra t io

sign if ican t ly affect the ex tract ion percen t of the so lub le po lysaccharides. T he op t im um so lid2liqu id ra t io is
1∶20, tem pera tu re is 100℃ and the ex tract ion t im e is 6 hou rs. In th is condit ion, the ex tract ion percen t of

so lub le po lysaccharides is 2. 58%.

Key words: pa trin ia villo sa; so lub le po lysaccharides; ex tract ion techno logy; con ten t m easu rem en t;
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